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Abstract

Peak fingertip blood lactate values obtained following
maximal intensity simulated double poling ski exercise
(PBLa(A) ), were compared with peak fingertip blood lactate
values obtained following maximal intensity simulated
combined arm and leg ski striding exercise (PBLatA*L)). The
combined arm and leg pirotocols were performed on two
different types of treadmills, a walking treadmill and a ski
treadmill. Subjects included 8 male and S female highly
endurance trained (54.3-78.5 m! kg min) Canadian National
sentor and Junior Cross Country Ski Team members. Data
was collected in two phases from two successive May/June

testing sessions over a one year span. Phase one combined

arms and legs ski striding protocol (A+L)1, involved ski

walking on a treadmill with simultaneous arm poling
movements achieved through a rope pulley system. Treadmill

incline and pulley resistance were increased every 2

minutes until maximal oxygen consumption {(MVOo)was

achieved. Phase two combined arms and legs ski striding

protocol (A+l),, represented a more sports specific

exercise whereby skiers using skis and poles performed a
diagonal stride on a carpeted treadmill. Here, speed and /or
grade changed every 3 minutes until a point o1 volitional
fatigue (which usually coincided with a plateau of oxygen
consumption) was achieved. In both (A+L) protocols, expired
gases were coliected using a tissot tank and analyzed at 30



second intervals with a Roxon Medi-Tech Oxygen and Carbon
Dioxide Analyzer. MVOo (mi kg min) and total test time

(TTT) in minutes was recorded for each A+L protocol. Heart
rates were recorded using a Polar Electro PE3000 Sport
Tester Heart Rate Monitor form the beginning of exercise
until achievement of a heart rate of 120 beats per minute
post exercise. Fingertip blood samples were drawn at the
end of each treadmill stage and 0-3 minutes post exercise
for lactate analysis, The arms only double poling exercise
protocol (A), was conducted identically in both test phases.
Kneeling on a trolley or rollerboard, skiers pulled
themselves up a 95 inch inclined track using rope puileys at
a cadence of one pull every 2.5 seconds. Test duration was 2
minutes. Fingertip blood samples were drawn at 2 and 3
minutes post exercise for blood lactate analysis. Blood
lactate analysis was conducted using the Kontron 640
Lactate Analyzer. Peak blood lactate values represented the
highest blood lactate value obtained from the post exercise

samples collected under the three exercise conditions,
PBLa(A), PBLa(A+L); and PBLa(A+L)o. Lactate Index (L),

represented by PBLa(A) divided by PBLa(A+L), was derived
for all subjects in both test phases. LI was selected to
reflect the influence of team designation and A+L protocol
on individual PBLa(A) relative to PBLa(A+L) exercise
responses. In both test phases, PBLa(A) values were higher
than PBLa(A+L) values. Significant differences (p<0.05) were

found between PBLa(A) and PBLa(A+L) but not between



PBLa(A) and PBLa(A+L)o. (A+L)y elicited significantly
(p<0.05) higher MVOo values than (A+L)y while PBLa(A+L)y
were significantly lower (p<0.03) than PBLa(A+L)p values.

No statistically significant correlation was found between
PBLa(A), PBLa(A+L), and MVO, values. No statistically

significant correlation was found between PBLa(A),
PBLa(A+L) and TTT values. It was suggested thatl the lower
PBLalA+L) values relative to the PBLa(A) values could be a
function of the addition of active lower body muscle mass
to upper body exercise. The lactate oxidizing capacity of the
lower limb slow oxidative fibre inherent in the skiers'
endurance trained lower body served to lower PBLa(A*L)

below PBLa(A). Differences in phase one and two PBla(A+L)

and MVOo values were related to the degree of Sports

specificity of the AL protocol to cross-country skiing. It

was suggested that (A+L)p represented a more sporis

specific and familiar movement pattern. This enabled skiers
to involve a greater porportion of muscle mass and achieve
higher blood lactate levels through increased recruitment of
fast glycolytic fibre. Finally it was suggested that the lack
of statistically significant correlations between PBLa(A),

PBLa(A+L), MVO,, TTT, and LI indicated these variables

were truely independent of one another and represented
distinct physiological responses.



1.1 introduction

The purpose of this chapter is to highlight the
conception, rational and purpose of this study, review the
limitations and finally, list the abbreviations and

definitions that will be used in the successive chapters.

The performance of endurance athletes has inspired
investigation of numerous physiological indices, i.e. relative
body fat, maximal oxygen consumption and the percentage of
slow twitch muscle fibre . One area of particular interest is
lactic acid production, accumulation and removal.
Summarized by Hultman and Sahlin in a 1981 review,
elevated levels of muscle lactate accelerate creatine
phosphate breakdown and inhibit glycolysis. The associated
deciine in muscle pH interferes with the calcium triggering
of muscle contraction leading to systemic inhibition of
lipolysis and acceleration of carbohydrate utilization.
Ultimately muscle glycogen, the key substrate supporting an
endurance exercise performance, is utilized at a faster rate
and subsequently depleted at an earlier point in time, thus
acceterating fatigue. Minimizing lactic acid accumulation
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during performance then is of primary importance to the

endurance athlete.

Blood lactate concentration (BLa) represents the net
result between the rate of entry of lactate into the blood
and the rate of disappearance from the blood. In light of
this, the metabolic importance of slow oxidative (S0} and
fast glycolytic (FG) skeletal muscle fibre becomes apparent.
Since SO fibre participates in lactate removal and FG fibre
participates in lactate production, an intimate relationship

between fibre type and BLa must exist.

An endurance performance may incorporate both simple
and complex movements i.e., arms only {A), legs only (L), or
combined arms and legs (A+L). While fibre type complement
would undoubtedly influence BlLa in these exercise
situations, the influence of fibre type distribution between
upper and lower body on BLa would also warrent close

consideration.

It is well accepted that at a given relative or absolute
submaximal load, A exercise is performed at a greater
physiological cost than L and A+L exercise. Studies of
untrained (UT) individuals have demonstrated higher lactate
production in relation to oxygen uptake during A exercise
performances as compared to L and A+L exercise, L lactate

values being greater than or equal to that produced during
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A+l exercise (Bevegard, Freyschuss, & Strandeli, 1966;
Freyschuss and Strandell, 1967).

Studies of trained (T) cross-country skiers at
submaximal workloads ( Millerhagen, 1983 ) revealed
significant delays in attainment of ventilatory anerobic
threshold with respect to time and work rate, during A+l
simulated ski exercise. Similarly at maximal loads,
sustained treadmill incline and mean endurance time were
greater in A+L exercise while perceived exertion was less
when compared to the L and A exercise conditions.

During A+L exercise, one might expect the additive
effects of upper and lower body muscle mass to produce
lactate values that surpass those attained during A or L
exercise. Research at maximal exercise conditions however
reveals that A+L lactate is always less than or equal to that
achieved in L exercise ( Astrand & Saltin, 1961; Bergh,
Kanstrap & Ekblom, 1976; Secher, Ruberg-Larsen, Binkhorst,
& Bonde-Petersen, 1974; Vokac, Bell, Bantz-Holter, &
Rodahl, 1975 ). In all instances lactate during A exercise is
less than that achieved during L and A+L exercise under
maximal exercise conditions.

Interestingly enough, pilot data collected at the
University of Ottawa contradict the aforementioned
observations (Reed & Thoden, 1984). Peak lactates obtained
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after maximal A exercise tests were significantly higher
than those obtained after A+L maximal oxygen consumption

(MVO,) tests on elite cross-country skiers. These findings

have been consistent over 2 two year testing cycle.

Although no researchers to date have reported similar
observations, findings of Freyschuss and Strandell (1967)
point to one possible explanation. Performance of A and L
exercise at submaximal loads revealed that lactic acid
values in venous blood of non-exercising limbs were lower
than those in arterial blood indicating net removal of
lactate by non-exercising extremities. Freyschuss and
Strandell (1967) suggested that legs were more effective
eliminators than arms removing 40% of lactate produced by

arms versus 30% removed by arms during leg work.

It is possible then that the addition of leg work to arm
work with its large mass and potentially high oxidization
capability could lower A+L exercise lactate values beyond
that seen in L and A exercise. Thus, the relationship of fibre
type metabolism as indicated by BLa leveis, to upper and
lower body endurance training, and sports specific exercise,
is one area of research worthy of further investigation.



1.2 Rationale

To characterize lactate differences between A and A+l
exercise, peak lactate values obtained after maximai A and
A+L exercise were selected for comparison. Maximal
exercise conditions were selected to challange the lactate
production and removal ability of FG and 50 fibre
respectively.

Since their upper and lower body endurance training and
high aerobic fitness would maximize the effects of uptake
mechanisms on lactic acid levels, subjects selected were
members of the Canadian Junior and Senior National

Cross-Country Ski Team.

To ensure that exercise bouts were maximal and
reflective of the muscle mass used in the training for, and
actual performance of cross-country skiing, exercise
protocols were performed on training devices which were
familiar to skiers and incorporated familiar ski movement
patterns.

In this way relationships between high aerobic fitness,
sports specific training of muscle mass, lactate preduction
and removal, and endurance capacity could be identified and

insight into the physiology of A+L exercise obtained.



1.3 Purpoge

If moderately high to nigh enduranced trained
cross-country skiers ( 543-785 ml/kg/min ) may be
characterized by good lactate removal, then peak lactates
obtained after an A maximal exercise will be higher than
those obtained after a maximal A+L exercise. The purpose of
this study then is to verify the above hvpothesis by
comparing peak fingertip lactate values obtained folowing
maximal intensity simulated double poling exercise A and
A+L ski striding exercise performed on two different types
of treadmills. Of secondary interest is the identification of
relationships existing between whole blood lactate, aerobic

fitness indicators and endurance capacity .

1.4 Limitations of Study

As the A double-poling and the A+L ski striding exercise
simulations are highly sports specific, generalizations
about other sports incorporating A and A+L exercise will be
limited. Similarly, comparisons of results with those
obtained through studies observing different forms of A and
A+L exercise (i.e., arm cranking and cycting) must be made
with caution. Finally it is important to recognise that ail
exercise simulations have limitations and may never
identically mimic a sports performance.
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With respect to the nature and number of subjects

selected for the study, it must be understood that the

generalizability of results will be specific to high
aerobically trained cross-country skiers only.

Fingertip sampling for lactic acid wil! prevent analysis
of site specific arterial and venous lactate differences and
comparisons of intramuscular and blood lactate values, and
analysis of only peak lactic acid values will not allow for
investigation of the underlying mechanisms responsible for
lactate levels in the blood.



1.5

Abbreviations

A Arms only

AL Arms and Legs

AT Anaerobic Threshold

ATP Adenosine Triphosphate

ADP Adenosine Diphosphate

BLa Blood Lactate Concentration

cp Creatine Phosphate

CPK Creatine Phosphokinase (2.7.3.2)

FG Fast Glycolytic / Fast Twitch Fibre

FOG Fast Oxidative Glycolytic Fibre

La Lactic Acid

LaT Lactate Threshold

L Legs Only

LI Lactate Index

LDH Lactate Dehydrogenase ( 1.1.1.27)

LOH-H Lactate Dehydrogenase- Heart
Isozyme Form

LDH-M Lactate Dehydrogenase- Muscle
Isozyme Form

MLa Muscle Lactate

MK Myokinase (2.7.43.)

MVC Maximal Voluntary Contraction

MVO, Maximal Oxygen Consumption

NAD+ Nicotinamide Adenine Dinucleotide



Abbreviations Continued:

NADH . Reduced Nicotinamide Adenine
Dinucleotide

PBLa . Peak Blood Lactate

PBLa(A) :  Peak Blood Lactate in Arms only
Exercise

PBLa(A+L) : Peak Blood Lactate in Combined Arms

And Legs Exercise

PDH . Pyruvate Dehydrogenase -Complex
(1.241,18.14,23.1.12,3.1.3.43)

P05 : Partial Pressure of Oxygen

PFK . Phosphofructokinase (2.7.1.11)

RtLa . Rate of Lactate Turnover

SO . Slow Oxidative / Slow Twitch Fibre

SDH . Succinate Dehyrogenase (1.3.5.1)

TCA . Tricarboxcylic Acid

T : Trained

TTT ;  Total Test Time

ut :  Untrained

VO»y : Oxygen Consumption



1.6 Definitions

Fingertip Lactate;

The whole blood lactate reading obtained through enzymatic
arnperornetric measurement of a 20-60 ul sample of

fingertip blood collected via heparinized capillary tube.

Peak Blood Lactate:

The highest blood lactate value obtained from samples

collected between 0-3 minutes post exercise.

Subject Population:
All male and female cross-country skiers in Canada named

to the Canadian National Cross-Country Ski Team.

Moderately to Highly Trained Endurance Athlete:

Any cross-country skier with an MVO~ of 59-65 ml kg min

Highly Trained Endurance Athlete:
Any cross-country skier with an MVO5 of 65-80 ml kg min,

Upper and Lower Body Endurance Trained Athlete:
Any Canadian National Cross-Country Team Member with an
MVO2 of 59-80 mi kg min.
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v of Literature

2.1 Introduction

The purpose of this chapter is to review 1) skeletal
muscle fibre types, 2) lactic acid production, removal,
and turnover, 3) the physiological response, particularly
blood lactate to upper and lower body exercise before and
after selective endurance training and 4) biood lactate
response and other physiological parameters as they are
observed in combined arm and leg exercise.

2.2 Skeletal muscie types

Skeletal muscle constitutes the single largest tissue
mass of the body, about 40% of the total body weight of the
average individual. Separate muscles are composed of
fibres united to produce specific muscle movements. Both
within and between muscles however, substantial

diversification of these fibres has been noted (Burke and
Edgerton, 1975).

It has been established that differences exist in the
contractile and metabolic properties of skeletal muscle. As
aresult , various skeletal muscie classification systems
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and nomenclature exist to reflect these differences.

Identification of contractile speed from myofibriliar
adenosine triphosphate (ATPase activity) is one such
system which has successfully demonstrated two main
categories of fibres (Gollnick and Matoba,1984). Type | or
slow oxidative (SO) red fibres are known for tonic twitch
properties while Type Il or fast glycelytic (FG) white are
recognized for their phasic twitch properties.

Staining of FG fibres for oxidative enzymes have
distinguished them metabolically (Peter, Barnard, Edgerton,
Gillespie, & Stemetl,1972). Three subclassifications of type
Il fibres have been identified namely, Hla, llb, and llc
(Brooke and Kaiser, 1970), type 1Ib being the most typical.
Table | is a summary table illustrating the functional
properties of the two main fibre types (SO and FG) and the
subgroups of the FG fibres in human skeletal muscle. This
table has been adapted from Karlsson (1979) who
emphasizes that the evaluation is schematic and open for
criticism (figures representative of experimental results
obtained on different populations).

Type | or SO fibres are characterized by a slow
contraction (indicated by the time to peak tension) and low
glycolytic potential. A characteristically high mitochondrial
content and thus oxidative potential in conjunction with
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Table 1

Functional Properties of Slow Oxidati « and Fast Glycolytic
Fibres in the Human Skel:.a: Muscle

Property S0 Fikre {Type |) F6 Fibre (Type N)
FGa FGb Fée
Mitochondrial enzyme activities, inter-
i.e. axidative potentiai high mediate  low high

Activities of enzymes involved
in contraction (e.g., actino-

myosin ATPase, MK, CPK ) low high
Glycogenolytic enzyme activities, ie., inter- inter-

glycogenalytic potential low mediate high  mediate
Phasphagen content

ATP high low low low

cp Tow high high high

Glycogen content low high high high

Triglyceride content high Tow low low
Electromechanical delay long short
Time to pesk tension long short
Pesk tension low high
Capillary inter-

density i.e. oxygen delivery potential high medigte  low
Myoglobin content high low low low
Fatigability with short-time explosive

activities (< 30 sec.) small large
Fatigability with prolonged muscle

activity { > 10 min.} large small

(if recruited)
Lactate Dehydrogenase |sozyme LDH~H LDH-M
LDH-5 LDH-1

* pdapted from Kerlsson, 1979.
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high Krebs cycle and respiratory chain enzymes provide for

termina! oxidation of fuels to carbon dioxide and water.

A more complete catabolism of substrate and subsequent
increase in adenosine triphosphate (ATP) yield { Bass,
Brdiczka, Eyer, Hofer, & Pette, 1969; Staudte and Pette,
1972) provide for the fatigue resistent nature of the 50
fibre. This endurance capacity is further enhanced by
comparatively high myoglobin content and capillary to fibre
ratio ( Karlsson & Jacobs ,1982) in addition to enzyme
properties favouring fat catabolism (Essen 1978a ; Jansson,
1980; Lithell, Cedarmark, Froberg, Tesch, & Karlsson, 1981).

In contrast , FG fibre ( type Ilb ) is characterized by a
rapid rate of contraction and high peak force output and
glycogenolytic enzyme activity. High actinomyosin ATPase,
myokinase (MK) and creatine phosphokinase (CPK) activity
enhance ATP utilization during muscle contraction as well
as replenishment of ATP, adenosine diphosphate (ADP), and

creatine phosphates during recovery.

Glycogenolytic enzymes promote the anaerobic capacity
of the fibre and reduction of pyruvate to lactate for
regeneration of extramitochondrial nicotinamide adenine
dinucieotide (NAD+) (Thorstensson, 1976). Untike SO fibres;
however, FG fibre can produce high tension for only short

periods of time and fatigue easily.
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Type lla fibre, is a highly oxidative FG fibre displaying

succinate dehydrogenase (SDH) activity that falls between

that of the SO fibre and the type Ilb fibre ( Brooke &

Kaiser,1970). Similarly it possesses intermediate

glycogenolytic  potential ~as  indicated by its
phosphofructokinase or (PFK) activity.

The nature of the type Ilc fibre is less obvious. [t seems
to resembie a fibre type which exists in fetal skeletal
muscle and which is also frequently found in muscle of the
newborn { Riley, 1973). it has been suggested that it is a
primordial type either under development, in a transient

state or atrophing ( Karlsson, 1979).

Differences in the oxidative, endurance and peak force
capacities of SO and type 1Ib fibres seem to indicate that
each fibre may support quite different types of muscular
movements. One enzyme in particuiar, lactate dehydrogenase
(LDH), further illustrates this point.

Of the five isozyme forms present in skeletal
muscle, the heart form, LDH-H or LDH-5 predominates in
type 1 fibres while the muscle form LDH-M or LDH-1
predominates in type IIb fibres (Sjoden, 1976). LDH-H
isozyme promotes oxidation of lactate for fuel while LDH-M
favours the reduction of pyruvate to lactate, a necessary
step for maintenance of high Embden Meyerhof pathway
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activity. As Jactate accumulation has been associated with
fatigue, the functional differences of SO and FG fibre
related to fatigability are understandable.

Recent research by Lannergren (1987) on amphibian
Xenopus muscle has shown that the division of muscle fibres
into FG and SO categories may in some species be an
oversimplification. Iliofibularis muscle ( an example of
Xenopus muscle ) demonstrated a whole range of fibre

contractile properties with a span of Vmax that was almost

10-foid. It was suggested that myosin heavy chain
composition was the major determinent for contractile
performance in the Xenopus skeletal muscle or type lix
fibres. Existence of the type Iix fibre in mammalian skeletal
muscle requires further research before any definitive
conclusions may be drawn.

Glycogen  depletion  studies have facilitated
understanding of the relationship between fibre type
function and the execution of coordinated movements,
through identification of patterns of selective recruitment.
( Essen,1978a ).

Glycogen depletion indicates that fibres have been
active during some phase of a work bout, contributing to the
tension development. Quantitative analyses in human single
fibre fragments show, at rest, a slightly greater mean



17
glycogen content in type Il than in type | fibres. At
work intensities associated with daily living and with

submaximal exercise, glycogen depletion occurs mainly in
type | fibres.

With intense exercise however, performed intermittently
or continuously, glycogen depletion is present in type |, lla,
and t1b fibres, type i1 depletion more marked than type |. if
all our fibres can be recruited during an exercise bout, it is
not unreasonable to suggest that the FG production and 50
consumption of lactate could be intimately related to

endurance capacity of the individual performing the
exercise.

The effect of mode of contraction on neural recruitment
has alse been investigated. Static tension in excess of
20-30% of maximal voluntary contraction (MVC) initiates
recruitment of FG fibre in addition to the SO fibre recruited
prior to achievement of that 20-30 % MVC (Gollnick,
Karlsson, Piehl, & Saltin, 1974a; Gydikov & Tankov,1976 ).
During the acceleration phase of dynamic contractions on
the other hand, FG units are initially recruited and then
grow silent (Grimby & Hannertz, 1977). The greater the
tension output, the greater the number of units recruited
and the longer the recruitment time. Repeated dynamic
exercises such as bicycle work leads to the recruitment
of predominantly SO fibre but when exercise intensity is



18
close to maximal, FG fibres become invoived (Gollnick ,
Armstrong, Sembrowich, Shepard, & Saltin, 1973; Gollnick ,
Piehl, & Saltin, 1974b ; Gollnick, Piehl, Karlsson, & Saltin,
1975; Essen, 1978b ). While progressive exercise involving
both static and dynamic contractions would lead to
increased recruitment of FG fibre and lactate production,
the oxidizing capacity of the SO and type |la fibres as well
as the individuals complement of each fibre, are implicated

as factors in the extent of lactate accumuiation.

it is generally accepted that the majority of people have
roughly 50% type | and S0% type Il fibres ( Holloszy &
Coyle, 1984). Unlike other animals however, it is clear
that human fibre composition varies among muscles and
within muscles from different individuals (Saltin &
Gollnick, 1983).

In many animals, muscle is relatively homogeneous with
respect to fibre composition consisting of only one or
mostly one fibre type. The three fibre types are
distributed among muscles in synergistic groups. In
extensor antigravity muscle groups, the deepest muscle or
muscles in the group usually have a high proportion of SO
fibre. In the more peripheral muscles, fast oxidative
glycolytic (FOG) fibre and SO fibre are situated primarily in
the deep aspect, while FG fibre is more superficial. Such

an anatomical arrangement is beneficial in that the fatigue
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resistant requirements of the postural muscles can be
provided for by their slow twitch fibre composition
(Laughlin & Armstrong, 1985).

In contrast to the regional organization of fibre types
in animals, human biopsy studies have produced
contradictory results. Laughlin and Armstrong in a review
paper (1985) suggest that the distribution pattern of fibre
types within and amoung muscles may be less extreme in
human leg and thigh muscles but exists nonetheless, FG
fibres being more  prevalent superficially.  Other
researchers though have observed a more homogeneous
dispersion of fibre types. No difference in fibre
complement between superficial and deep sites has been
observed in the vastus lateralis ( Edgerton, Smith, &
Simpson, 1975 ; Johnson, Polgar, Weightman, & Appleton,
1973 ; Elder, Bradenbury, & Roberts, 1982 ), the
gastrocnemius (Johnson et al, 1973; Edgerton et al, 1975)
or the soleus, biceps and triceps in human studies (Eider et
al, 1982).

Notwithstanding the above consistency between deep and
superficial sites, fibre type distributions within sites and
between sites have shown few consistent patterns either
for different muscles of the same subject or for the same
muscle in different subjects (Elder et al, 1982). Biopsies
taken from the vastus lateralis in different subjects
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identify ranges of 24-85% and 11-53% for low myosin
ATPase fibre ( Golinick, Armstrong, Saubert, Piehl & Saltin,
1972, Gollnick et al, 1973). Edgerton et al, (1975) observed
variations of 44-95% and 16-86% for the soleus and
gastronemius respectively. In spite of subject variation, the
mean proportion of SO fibres is high in the soleus relative
to other calf muscles (Edstrom & Nystrom,1969; Johnson
et al, 1973; Buchthal & Schmalbruch, 1970) and in the
vastus lateralis relative to the other quadriceps (Ariano,
Armstrong, & Edgerton, 1973).

Another feature differentiating human muscle fibre from
other mammals is the prevalence and oxidative capacity of
type |la or FOG fibres . Autopsy studies performed on four
leg muscles in thirty two humans (Edgerton et al, 1975)
demonstrated that less than 20% of the fibres had high
myosin ATPase, oxidative and glycolytic activity whereas
percentages greater than 24 and up to 78 have been found in
guinea-pigs and rats (Edgerton and Simpson, 1969). Although
it has been demonstrated that endurance trained athletes
generally have a greater proportion of highly oxidative
fibres than untrained controis (Gollnick et al, 1972) unlike
animais, human FOG fibres generally have an oxidative
capacity less than S0 fibres.

Although human muscle fibre in comparison to other
animatis displays more inter and intra site variation, there
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does seem to be inter-individua! consistency of fibre type
distribution in upper and lower body. Belanger and
McComas (1985) compared contractile properties in human
arm and leg muscles, specifically isometric twitch
properties of the brachial biceps and triceps, and anterior
tibial and plantar flexor muscles. The brachial triceps
had the shortest contraction and half relaxation times
and the greatest twitch potentiation, while the plantar
flexors had the most prolonged twitches and least
potentiation. The anterior tibial and brachial biceps
muscles had similar characteristics.  Susceptibility to
fatigue was less in the plantar flexors and anterior tibial
muscle than in the muscles of the upper body. These
differences in muscle properties were consistent across 24
subjects.

It was suggested that the relative resistance of the
plantar flexors to fatigue would be consistent with the
higher incidence of type | fibres in the most powerful
muscle in this group, the soleus. These findings are
supported by previous observations (Johnson et al, 1973;
Elder et al, 1982).

A briefer contraction in the human brachial triceps than
in the brachial biceps is consistent with the results of
Buchtha! and Schmalbruch (1970) who studied small bundles
of fibres. Similarly these observations substantiated
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findings of Johnson et al (1973) and Elder et al (1982),
who demonstrated a higher proportion of type |l fibres in
the triceps than in the biceps.

In view of the animal research studies documenting the
association of muscle function with muscle fibre
composition it seems reasonable that human muscles of non
weight-bearing limbs contain more fast twitch fibres
than lower limb antigravity and locomotory muscles.

Knowing the fatigue resistent nature of SO fibre, it is
not surprising that competitive endurance athletes tend to
have a higher percentage of type | fibres while individuals
excelling in nonendurance events (sprinters, jumpers etc.)
tend to have a higher percentage of FG fibres ( Gollnick et
al, 1972 ; Gollnick & Matoba, 1984). As no studies have
shown alterations in percentage distribution of type | and
type Il fibres with endurance training this phenomenon
is probably the result of natural selection, individuals
with the best prerequisites for high oxidative capacity
becoming successful endurance performers. While genetic
endowment may be advantageous, training induced
adaptation of skeletal muscle fibres is at least as
important to successful performance.

It is understood that endurance training enhances the
oxidative capacity of both typel and type 1l fibres
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(Gollnick et al, 1972). increases in mitochondrial size and
number and thus mitochondrial enzyme levels increase
the capacity of the fibres to oxidize both fatty acids, and
pyruvate (Holloszy & Coyle, 1984). Although SO
mitochondrial enzyme levels are twice as high as those
found in FG fibre, endurance training has been shown to
increase levels of FG oxidative enzymes beyond those
found in SO fibres of untrained individuals (Gollnick et al,
1972).

Glycolytic enzymes reveal relatively minor changes with
endurance training. in some individuals however, a decrease
in total LDH activity with an increase in the proportion of
the heart-specific isozyme (LDH-H) and a decrease in the
skeletal muscle specific isoenzyme (LDH-M) has been noted
(Sjoden, 1976). This adaptation would act to reduce lactate
formation and enhance lactate uptake by increasing the
ability of the mitochondria to compete with LDH for
pyruvate.

An increase in fibre capillary density has also been
noted with endurance training (Anderson, 1975; Jansson and
Kaijser, 1977). This, in conjunction with the preferential
hypertrophy of SO fibre (Goiinick, 1972), will increase the
surface area available for diffusion and facilitate oxygen
transport to the exercising muscle.
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In conclusion, endurance training induces a number of
adaptations in skeletal muscle and the significance of this
is twofold. Firstly, the same pretraining work rate after
training will require a smaller percentage of the muscles
maximal respiratory capacity producing less disturbance in
homeostasis. Secondly, there will be an increased
utilization of fat with a proportional decrease in
carbohydrate utilization during submaximal exercise. These
metabolic consequences would increase endurance at
pretraining submaximal loads and increase the ability to

exercise at a higher percentage of  maximal oxygen

consumption (MVO,) in the trained state, by decreasing

glycogen depletion and reducing blood lactate levels.

2.3 Lactic Acid Production, Removal, and Turnover During

Exercise

Elevated muscle lactate (MLa) and/or blood lactate (BLa)
concentration during exercise have been shown to covary
with the perception of physical fatigue during strenuous
exercise (Karlsson, 1971; Karlsson, 1979; Jacobs, 1981),
This has led to the routine determination of BLa during
maximal exercise testing, and investigation into its

production and removal.

The classic theory of lactic acid production was based on

the assumption that lactate formation was almost
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exclusively due to a lack of oxygen and anaerobic
metabolism at the celular level (Karlsson, 1971). This was
based on the relationship observed between lactate
formation and oxygen deficit during exercise, and between
onset of lactate efflux and low venous oxygen saturation
values in blood flowing from exercising muscle. Recent
findings however have raised some questions regarding
hypoxia as the sole cause of lactate production. During
maximal leg exercise, Pirnay and collegues ( Pirnay, Lamy,
Dugardin, Deroanne, & Petite, 1972) obtained blood samples

from the deep femoral vein. It was noted that the femorat

partial pressure of oxygen (PO,) did not fall beiow 10 Torr,

and during exercise at about 50% of MVO,, PO, was

between 20 and 40 Torr. The oxygen tension in venous blood
was much greater than the critica! mitochondrial oxygen

tension, its estimated range between 0.1 and 0.5 TorT.

Jobsis and Stainsby (1968) fluorometrically measured
intracellular NAD+ in isolated dog muscle and conf:luded that
oxygen supply did not limit respiratory chain activity.
when the muscle preparations were stimulated to contract
at exercise intensities sufficient to produce maximal
oxygen consumption and a significant effiux of lactate,
the NADH:NAD+ ratio (an indicator of the mitochondrial
redox state), reflected a greater degree of oxidation than

was present in resting conditions.
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A second theory of lactate production evolved from
the research findings of Connett and coworkers ( Connett,

Gayeski, & Honig, 1984). Connett et al observed lactate
accumulation in dog gracilis during mild (10% MVO,)

exercise and up to a contraction rate which elicited 70% of

MVO,. Lactate accumutation was found to relate linearly

to twitch (work) rate. In addition, tactate accumulation was

not reduced by increasing blood flow or inducing capillary

dilation. The minimum PO, did not drop below 2 Torr, a

value significantly above the critical mitochondrial oxygen
tension. It was concluded that lactate accumulation was

related to increments in work and metabolic rate.

The second theory of lactate production then attributes
rises in plasma lactate concentration to an increasing use
of glycolytic metabolic pathways due to progressive
recruitment of glycolytic muscle fibres (Jones and Ehrsam,
1982). This theory appears more plausible for exercise
conditions than the classical theory and is also
biochemically sound. During exercise, the major factor
determining the energy requirement is the rate of ATP
hydrolysis at the cross bridges formed between actin and
myosin in the contracting muscles (Holloszy & Coyle, 1984).
The rising ADP concentration accelerates the rate of all
reactions that utilize ADP to generate ATP. The ADP
concentration continues to rise causing greater and greater

acceleration of the rate of formation of triose phosphates
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until the rate of ATP production matches the rate of ATP
utitization.

With increasing exercise intensity , the requirement for
accelerated  substrate  catabolism necessitates the
recruitment of FG fibres with their characteristically rapid
Embden - Meyerhof pathway (McGilvery, 1979). As the
workload on these cells increase, the rising ADP
concentration accelerates the formation of pyruvate and
reduced nicotinamide adenine dinucleotide (NADH) in the
cytosol exceeding the  respiratory capacity of the
mitochondria. The high pyruvate concentration and
increased ratio of NADH/NAD+ will lead to preferential
conversion of pyruvate to lactate rather than oxidation of
pyruvate in the tricarboxylic acid (TCA) cycle or conversion
to alanine by alanine transaminase. More specifically NADH
generated in the cytosol is converted back to NAD+, not by
the glycerol phosphate or malate-aspartate electron
shuttles characteristic of oxidative phosphorylation, but
rather by reducing pyruvate to lactate ( Hoiloszy & Coyle,
1984 ). Rising lactate concentration then is a signal that a
rising ADP concentration has increased the formation of
pyruvate and NADH more than it has the oxidation of
pyruvate and NADH ( McGilvery, 1979).

The association of rises in plasma lactate with the
progressive recruitment of FG fibre, rather than with an
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oxygen deficient state seems tc be the relationship
providing the best explanation for lactate production in
exercise conditions. It is possible however, that reductions
in oxygen delivery can influence lactate production in

certain situations.

Based on observations of the correlation between oxygen
deficit and lactate concentration in working muscies,
Karlsson (1979) identified two exercise conditions where
oxygen transport may be reduced; at the start of exercise
and until steady state level is obtained, and with
supramaximat loads. At low levels of exercise, plasma
concentrations of lactate remain unchanged. With moderate
levels of exercise, lactate is found to rise for the first few
minutes and then declines. At heavy levels of exercise,
lactate increases and then plateaus, or continues to rise
until exhaustion. A relative lack of oxygen caused by
increasing intensity of exercise dictates a shift in ATP
production, from an aerobic, to an anaerobic production.
Lactate production in this sense, is a metabolic product
reflecting an imbalance of oxidative enzyme activity, a
change in fibre type recruitment and, reduction in oxygen
delivery. In conclusion, it is inaccurate to suggest that
hypoxia is the sole cause of lactate production in the
exercise state. Closer consideration of the FG fibre
recruitment theory then is necessary if a true understanding
of exercise associated lactate mechanics is to be
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discovered.

Lactate is known to be arelatively small and easily
diffusible molecule. It is assumed, mainly from animat
studies, that lactate diffuses freely and rapidly into all
water compartments of the body (Hermansen & Stensvoid,
1972 ).  As previously mentioned, lactate can also be
“consumed" or oxidized by SO fibre. The BlLa concentration

at rest and during exercise then is dependent on several
factors:

(1) rate of lactate production

(2) rate of lactate diffusion from the cells to the blood
(3) rate of lactate removal

As lactate production is associated with FG fibre
recruitment and work intensity, one can see how rate of
increase in work and duration of work may affect rate of
lactate release. Intense muscular exercise leading to
exhaustion within a time range of 30 seconds to 10-15
minutes has shown to elicit maximal values for MLa
accumulation (Karlsson, 1971). Peak values for Bla
concentrations are obtained when performance durations
exceed three to four minutes. When maximal performance
duration is greater than 10-15 minutes, proportionately
lower MLa and BLa concentrations are found.
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Standardized work loads performed after prolonged
heavy exercise !asting 2-4 and 5-7 hours respectively have
shown decreased BlLa concentrations but normal MLa
concentrations except with brief maximal work loads after
extremely prolonged heavy exercise (Karlsson, 1971). It was
suggested that the prolonged heavy exercise led to increased
utilization of blood-borne lactate, a factor which mignt
enhance lactate flux from the working muscle. Karlsson
concluded that the rate of disappearance of lactate from
muscle and blood would be increased and the effect would
be most pronounced during submaximal and maximal work
with a relatively prolonged work duration, ie, S5-IC
minutes.

While the highest MLa concentrations, the highest rate of
lactate release and the highest BlLa values have been noted
after brief, single, exhaustive dynamic work, reiease of
lactate is not solely a function of intramuscular
concentrations. Lactate uptake and transport across
cellular membranes are subject to saturation kinetics
(Mazzeo, Brooks, Schoeller, & Budinger,1986). When the MLa
concentration is in the order of 4-5 mmol x kg ~1 a plateau
is reached for the lactate release and/or removal {Jorfeldt,
Juhlin-Dannfeit, & Karlsson,1978). A further increase inMLa
concentration will not induce a more rapid release. Lactate
thus accumulates in an accelerating manner within the
active muscles.
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As lactate production and release are affected by
intensity and duration of exercise, so is the rate of lactate
removal. Lactate is always produced, even in well
oxygenated resting individuals. The low, steady state BlLa
concentrations in resting individuals however lead to the
false conclusion that lactate is not being produced in the
resting individual. On the contrary, lactate levels are low
and stable in the resting individual because production
is balanced by removal. In recent literature, this resting
balance has been reierred toas turnover (Brooks, 1985a).
More specifically, turnover is the rate of metabolic
renewal. Because in the steady state the processes of
lactate production are balanced by the processes of removal,
there is an equivalence of turnover, appearance and
disappearance.

Lactic acid turnover studies have demonstrated the
importance of lactate as an important precursor for hepatic
glycogenolysis. McGarry and associates { Katz & McGarry,
1984 ; Foster,1984 ; Newgard, Hirsch, Foster, & McGarry,
1983 ) observed rats refed after fasting and found much of
the glucose from dietary carbohydrate bypassed the liver
and reached the peripheral tissues where it was cleaved to
lactate and released into the venous circulation. Arterial
lactate rather than portal glucose seemed to be the
preferred precursor for liver glycogen synthesis. Lactic acid
then is an indirect product of carbohydrate digestion and is
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a means of shuttling oxidizable substrate and gluconeogenic

and glycogenic precursors between cells, tissues and organs.

Oxidation is also a major means of lactate catabolism, In
recent articles by Brooks (1985a,1986) studies observing
rates of lactate turnover (RtLa) and oxidation in resting
rats, dogs and humans were reviewed. Studies reporting on
lactate oxidation in resting mammals demonstrated active
lactate turnover with approximately S50% removed through
oxidation. Furthermore, under resting, post-absorptive
conditions, the quantity of lactate oxidized represented
approximately S0% of the total carbohydrate combusted,
Even under resting conditions then, lactate oxidation makes
a meaningful contribution to the total supply of oxidizable
substrate.

Studies on the turnover of lactic acid in animals during
exercise have revealed a direct relationship between lactate

turnover and metabolic rate as given by the rate of oxygen
consumption (VO,), ( Depocas, Minaire, & Chattonnet, 1969;
Eldridge, 1975; Eldridge, Tso & Chang, 1974, Issekutz, Shaw
& Issekutz, 1976). Using continuous infusion technique and
W -14Cy 1actate, the aforesaid researchers demonstrated
elevated lactate turnover in dogs during exercise compared

with rest. Donovan and Brooks (1983) observed a correlation

of 0.86 between lactic acid turnover and V02 in both

trained and untrained rats. A point of great interest in
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these studies of metabolite kinetics during exercise is that
lactate turnover and oxidation (Donovan & Brooks, 1983)
exceed glucose turnover and oxidation (Brooks &
Donovan, 1983; Brooks, 1985b).

Lactate tracer studies performed on humans have come
to similar conclusions (Jorfeldt, 1970; Hubbard, 1973;
Mazzeo, Brooks, Budinger, & Schoeller, 1982; 1986). Mazzeo

et al (1986) confirmed a linear relationship between

lactate turnover and VO, in humans during submaximal work

up to 757 of MVO, It was suggested that oxidation was the

major pathway for the removal of exercise produced
lactate. At rest, the estimated percent oxidation was 49.3.
During 2 hours of easy exercise, percent oxidation
increased to 87.0 whereas during 45 minutes of hard
exercise, percent oxidation was 79.9. Furthermore, during
exercise, the calculated rates of lactate release were
significantly greater than during rest.

In addition to confirming the relationship between
lactate turnover and graded exercise, human tracer studies
strongly suggested that skeletal muscle is an important site
of lactate catabolism (Hubbard, 1973; Mazzeo et al, 1986).
Both contracting and inactive skeletal muscle can extract
lactate from the arterial circulation ( Stanley, Gertz,
wisneski Neese, Morris & Brooks, 1986 ). Oxygenated
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working skeletal muscle tissue then, has the capacity for
simultaneous production and utilization of lactate. This fact
has been demonstrated by Jordfeldt (1970) where (U-'4C)
lactate was infused into the brachiai artery and venous
blood was collected. The results indicated that a significant
portion of the tracer dose was taken up and combusted to

carbon dioxide (CO5) within the contracting skeletal muscle.

It has been suggested that 508 of lactate removed by

the exercising muscle is immediately catabolized to COp

and thereby used as fuel (lvy, Withers, Van Handle, Eiger, &
Costill, 1980). With this in mind, it is possible that lactate
produced by FG fibres in a specific muscle may be locally
oxidized by SO fibres without ever being released into the
blood (Mazzeo et al, 1986 ; Essen, Pernow, Gollnick, &
Saltin, 1973 ).

while skeletal muscle is the primary site for oxidation
of lactate, heart tissue is also capable of this roie ( Gertz,
wisneski, Neese, Bristo, Searle, & Hanlon, 1981). The
presence of the LDH-H isoenzyme in this muscle makes
conditions favourable for the conversion of lactate to

pyruvate and subsequent entry into the TCA cycle.

The relative roles played the liver and Kidney in lactate
uptake have also been investigated. During submaximal and
maximal exercise, Hermansen and Stensvoid (1972)
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calculated lactate removal by liver to be 4-8% of the total
amount of 1actate eliminated. The kidney can remove lactate
from the circulation by metabolic processes (complete
oxidation and glucogenesis) and by rena! excretion. No
measurements of lactate uptake by the kidney during
exercise in man have been published (Hultman and Sahlin,
1981). However, according to Carlesten and coworkers (
Carlesten, Hatlgren, Jagenburg, Svanborg, & Werko, 1961)
and Krebs and coworkers ( Krebs, Love, Bratvold, Trayser,
Meyer, & Fischer, 1964) the heart and kidney together can
remove a maximum of 10% of the total lactate produced.
The amount of lactate excreted through urine is thought to
be very smail, probably iess than S% of the total amount
removed (Johnson and Edwards, 1937). Liljestrand and
Wilsson (1925) measured the lactate output in urine in 10-
minute sampling intervals before and after exercise. They
found a maximum lactate output (0.7 mmol/min) in the
second 10-minute urine collection after a shortlasting
exercise. Total output after a 2 minute exercise was 15.2
mmol lactate during a 45 minute period of urine sampling.
Comparable figures, 10 mmol lactate excretion during a 45
minute recovery were found by Johnson and Edwards (1937).

On the basis of the literature reviewed it can be
concluded that during exercise, the main route of lactate
removal is through skeletal muscle oxidation. Knowing the
effect of endurance training on skeletal muscle fibre one
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might also conclude that lactate turnover would be
enhanced with endurance training. According to the

literature, however, this may not be the case.

It is well known that endurance training reduces the
accumulation of lactic acid in blood and skeletal muscle
during exercise at pretraining absolute or relative work
rates ( Holloszy & Coyle, 1984). Several theories explaining
this phenomenon have been proposed (Donovan & Brooks,
1983). Lactate production may be reduced in trained
individuals as a result of a shift from carbohydrate toward
lipid utilization, Lactate production might also be reduced
by the decrease in the total amount of LDH in muscle as well
as the LDH-M isozyme. Finally, trained (T) individuals might
demonstrate greater lactate removal.

Donovan and Brooks (1983) used primed continuous
infusion of 2-3H and U-'4C lactate to study the effects of
endurance training on lactate metabolism during conditions
of rest, easy exercise, and hard exercise . it was found that
lactate turnover rates (RtLa) did not differ significantly
between untrained (UT) controls and T animals.
Furthermore, T animals oxidized a slightly smalier fraction
of the lactate removed during hard exercise, while at the
same time, incorporating a greater amount of w-"149c ) into
glucose. It was suggested that during hard exercise, T

animals relied less on the oxidation of carbohydrates and
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were able to conserve the carbon skeleton through

enhancement of alternative pathways (ie. gluconeogenesis).

As T animals exhibited lower BLa levels at any given
RtLA, the metabolic clearance rate of lactate was enhanced.
T animals were capable of matching their rates of lactate
removal to lactate production at a lower BLa concentration
than UT animals which had to tolerate an elevated Bla
level to sustain a given removal rate. It was concluded that

endurance training affected lactate clearance, not lactate
production.

These results are in contrast to those of Freminet and
coworkers (Freminet, Poyart, Bursaux, & Tablon, 1975) who
reported that training caused significantly increased
lactate turnover as well as oxidation of a greater fraction
of the lactate flux. While increased lactate turnover cannot
explain lower submaximal lactate levels, neither can an
increased oxidation of lactate, T and UT individuals having
similar oxygen consumptions at any given submaximal
workload. One can see that 1actate metabolism, particularly

under exercise conditions, is one area worthy of future
research.

Certain other factors affecting BLa levels deserve brief
mention. Glycogen depletion induced in one teg prior to two
legged exercise, resulted in an increase of lactate uptake
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by the depleted leg during two legged exercise (Essen et
al, 1973). Thermal dehydration {England, Powers, Dodd,
Cualender, & Brooks, 1984) caffeine ingestion (Gaesser and
Rich, 1985) and being female (Fox & Mathews, 1981) seem to
accelerate the onset of blood lactate accumulation. When
studying lactate metabolism then, these factors would have
to be taken into account.

2.4 Upper Body and Lower Body Exercise and L actate
Responses '

SO fibres are 1actate consumers and FG fibres are lactate
producers. The BLa concentration during exercise represents
the batance between its oxidation and production. ivy et al
(1980) observed that the percent of SO fibres was related
to the absolute and relative lactate thresholds (LaT), the
work rate at which BLa accumulation begins. It was
suggested that the ratio of SO to FG fibres may exert a
genetic influence over the LaT and possibly control the
range in which relative LaT can shift. If skeletal muscie
fibre composition is the determinant of the absoiute and
relative LaT, then variations in the size of the exercising
muscle mass should not influence LaT values providing the
added muscle mass is of the same fibre composition and
is exercising at the same relative load.

Stamford and collegues ( Stamford, Weltman, & Fulco,
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1978) examined LaT ( otherwise known as anaerobic
threshold ) and cardiovascular responses during one versus
two-ltegged cycling Exercise was initiated at 25 watts

and increased by 25 watts every 3 minutes to maximal work

output. At each workload V0o, COo production, BlLa

concentration, minute ventilation, respiratory exchange
ratio, heart rate, cardiac output, stroke volume, and
arteriovenous oxygen difference were determined. It was
found that while absolute differences existed at different
work levels, each of the aforementioned variabies was

similar during one versus two-legged cycling when

expressed as relative percentage of MVO,. Anaerabic

threshold (AT) for both one and two-legged cycling was
approximately 48% MVO, when interpreted from graphic

presentation. This indicated that the size of the exercising
muscle mass did not necessarily influence the
determination of AT when expressed on a relative basis. It
was suggested that differences in relative AT across modes
of exercise are not necessarily related to the size of the
exercising muscle mass. Factors such as task familiarity;
muscle composition relative to fibre type and respective
aerobic versus anaerobic energy potential; and local
vascular development however may be influential. These
results are in agreement with others previously reported
(Gleser, 1973; Saitin, Nazar, Costill, Stein, Jansson, Essen,
& Gollnick, 1976).
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Wwhile one and two-legged exercise produce no significant
differences in refative LaT, this is not the case in arm

versus leg exercise.

At the same relative submaximal VOQ, BlLa concentration

during arm exercise is significantly greater than BlLa
concentration during leg exercise (Bevegard, Freyschuss &
Strandeil, 1966; Freyschuss & Strandell, 1967; Klausen,
Rasmussen, Clausen, & Trap-Jensen, 1974). Regardless of
upper body muscie mass being significantly less than lower
body muscle mass, identical relative workloads elicit higher
lactate values.

Research indicates that at a given submaximal workload,
arm exercise is performed at a greater physiological cost
than leg exercise (Franklin, 1985). At agiven power output,

heart rate, systolic and diastolic blood pressure, minute

ventilation, VO,, respiratory exchange ratio, and Bla

concentration are higher, while stroke volume and anaerobic
threshold (the latter expressed as a percentage of aerobic
capacity) are lower during arm exercise compared with leg
exercise (Astrand, Ekblom, Messin, Saltin, & Stenberg, 1965;
Bevegard et al, 1966; Bobbert, 1960; Davis, Vodac, Wiimore,
Vodac & Kurtz, 1976; Fardy, Webb, & Hellerstein, 1977;
Franklin, Vander, Wrisley, & Rubinfire, 1983; Schwade,
Blomquist, & Shapiro, 1977; Stenberg, Astrand, Ekblom,
Royce, & Saltin, 1967). Since cardiac output is nearly the
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same in arm and leg exercise at a given VO, (Asmussen &

Nielsen, 1947) the elevated blood pressure during arm
exercise is believed to reflect increased peripheral
vascular resistance (Stenberg et al, 1967).

Sawka (1986) uses Poiseiulle’s equation to explain the
mechanism of increased peripherat vascular resistance (R).
According to the equation, flow (F) is the quotient of driving
pressure (P) divided by the resistance to flow (R). By
transposition, R = P/F and P = R x F. If arm cranking

produces higher blood pressure than leg cycling at a given

V0o, then R must be proportionately higher to elicit the

same F during upper body than during lower body exercise.

As absolute muscle blood flow is approximately equal during

arm crank and cycle exercise performed at the same VO, ,

(Clausen, 1973), a greater total peripheral resistance must
account for the elevated blood pressure response in arms
only exercise.

Smaller upper body skeletal muscie mass and vascuiar
cross-sectional area may also influence peripheral vascular
resistance as vessel radius is a primary factor influencing R
( Sawka, 1986). The smaller vascular cross-sectional area
of the upper body being perfused by the same F will result in
a greater R . Also, an increased sympathetic response to arm

crank exercise will 1ead to increased vasoconstrictor tone
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in the non-exercising muscles and further contribute to an
increased R . Vasoconstriction in fegs during arm work
represents a more pronounced elevation in peripheral
resistance than vasoconstriction in arms during leg work
owing to the difference in the size of these two vascular
beds (Astrand et al, 1965).

It has been suggested that the mechanical inefficiency of
upper body exercise could be responsible for the increased
vasoconstrictor tone and elevated total peripheral vascular

resistance. Mechanical efficiency (i.e., the ratio between the

output of external work and caloric expenditure of V02) is

jower during arm exercise than leg exercise (Fardy et al,
1977; Stenberg et al, 1667). This may reflect the static

effort required with arm work, which increases VO, but

does not affect the external work output. Static or
isometric contractions may be defined as contractions
where muscle length remains unchanged while producing
tension {Sale and Norman, 1982). !n comparison to cycle
exercise, arm crank exercise may involve a greater
isometric exercise component for torso and hand
stabilization than legs only exercise and therefore increase
blood pressure.

while the above explanations may in part explain the
different cardiorespiratory and haemodynamic responses in

arms only (A) exercise versus legs only (L} exercise, they
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dc not account for the different metabolic exercise
responses observed (i.e., significantly higher blood lactates
in upper body exercise). While research investigating the
relationship between sympathetic and metabolic responses
may be inconclusive an argument in support of this
relationship can be put forth.

If one is to assume that upper body exercise does
incorporate an element of isometric work, an association
between the pressor (blood pressure) response and the
metabolic response can be made. Petrofsky and coworkers
(Petrofsky, Phillips, & Lind, 1981) in observing
anaesthetized cats revealed that the pressor response to
sustained isometric contractions is due predominantly to
the activation of FG muscle fibres. During contraction of
the soleus muscle, wholly comprised of SO fibres, no
increase in blood pressure is apparent. In muscles with
mixed populations of fibre types such as the gastrocnemius,
the pressor response is similar to that found in voluntary
contractions in man. Thus, upper body exercise might require
not only a greater isometric component but a greater
recruitment of FG motor units than lower body exercise.
Recruitment of predominently FG fibre during upper body
exercise then could account for the cardiorespiratory and
haemodynamic responses observed in A exercise as well as
explain the higher levels of blood 12Ctate achieved in A
versus L exercise.
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It is true that in man, static or isometric exercise,
particutarly that involving the upper limbs, causes
increased sympathetic and decreased vagal outflow. As a
consequence, cardiac output, contractility of the left
ventricle, heart rate and systemic arterial pressure (both
systolic and diastolic) are increased ( Shepherd, Blomgvist,
Lind, Mitchelt, & Saltin, 1981 ). As no effort has been made
to quantify this static component however, it is difficult to
estimate to what degree it is responsible for the observed
physiological adaptions to arm exercise. Furthermore, it is
hard to justify classification of arm cranking or arm cycling
as a purely static exercise; most muscular exercise is
neither purely dynamic nor purely static ( Shepherd et al,
1981).

while an association between BlLa and sympathetic
nervous system stimulation is possible, it seems uniikely
that a cause and effect relationship exists. A more
complete anatomically and metabolically oriented theory
for lactate production should be sought.

Local arteriovenous oxygen differences are substantially
lower during arm exercise than during leg exercise (Klausen
et al, 1974). Klausen and coworkers suggested that an
increased lactate production by A exercise versus L exercise
could be explained by the lower ability of the arms to
utilize oxygen or by a greater percentage of the local blood
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flow going to skin and bone in A exercise than L exercise. As
Klausen et al (1974) presented no mechanism of action
whereby blood flow directed to skin and bone would be
greater during A exercise than during L exercise it is
difficult to evaluate the validity of this assumption. If an
increased skin perfusion of blood is a mechanism by which
venous bloed temperatures can be decreased during exercise,
it would seem that leg exercise would produce a
substantially greater perfusion of skin tissue due to its
larger surface area.

It has been suggested that fibre type may have an
influence on muscle blood flow (Laughlin & Armstrong,
1985). FG fibre blood fiow does not show the initial
overshoot response to low intensity exercise. With high
intensity exercise furthermore, FG fibre blood flow does not
increase as rapidly as does blood flow to FOG and SO fibres.
Assuming that the upper body is composed of predominently
FG fibre, it is possible that muscle blood flow during A
exercise is relatively less than duringL exercise, yet this
cannot account for the magnitude of the lactate difference
observed during each mode of exercise.

Klausen's theory ( Klausen et al, 1974 ) that lactate
production during A exercise is a resuit of the lower
ability of the arms to utilize oxygen is sound, vyet it is
somewhat incompiete. Knowing the difference in the



46
distribution of fibre types between upper and lower body, a
more in depth explanation for the differences in A and L

exercise responses can be formulated.

As human upper limbs seem to be comprised of a
proportionately higher percentage of FG fibre than tower
limbs, and lower limbs present a higher proportion of S0
fibre, it could be suggested that high BLa associated with A
exercise are a result of a greater recruitment of FG fibre.

At a given submaximal load, A exercise would generate a
higher BLa than L exercise for the following reasons. To

achieve the same absolute VO,, the intensity of A exercise

would be significantly greater than the intensity of L
exercise due to the smaller muscle mass of the upper body.
A high intensity of work would necessitate recruitment of
FG fibre, the number of fibres recruited being
proportionately greater than that recruited during L
exercise due to the fibre composition of upper body !imbs.
Relatively fewer SO fibres and a smaller exercising muscle
mass during A exercise as opposed to L exercise would
result in a lower consumption of lactate by arms in A
exercise than legs during L exercise. Observations of a
higher negative arterio-venous lactate difference in A
exercise than in L exercise supports this assumption
(Freyschuss & Strandell, 1967 ).
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With respect to resting Iimb lactate values during upper

or lower body exercise, Freyschuss and Strandell (1967)
observed that venous lactate values were significantly less
than arterial lactate levels indicating lactate uptake by
resting extremities during exercise. As would be
anticipated, lactate elimination by resting legs was
substantially greater than lactate elimination by resting
arms during A and L exercise respectively. At two
successive submaximal loads, resting legs eliminated 22%
and 39% of arterial lactate passing through them, while
resting arms eliminated only 11% and 27 %. On the basis of
fibre type composition and amount of exercising muscie

mass, a higher BLa in A versus L exercise at the same VO,

can be understood.

Vokac et al (1975) studied the effect of L exercise and of
A exercise in sitting and standing positions on energy output
and cardiorespiratory parameters in seven maie subjects.
Although lactate elimination by resting limbs was not
directly determined, peak blood lactates (PBLa) 2 minutes
post exercise were examined. Mean bilood lactates in L
cycling, sitting arm cranking and standing arm cranking
were 152 + 1.4 mmol/1, 139 ¢+ 2.! mmol/} and 11.0 + 9
mmol/1 respectively. While the postural variations in A
exercise did not produce significant differences in mean
blood lactates ( p < 0.0%1 ), utilization of postural leg
muscles in arm cranking did serve to lower mean lactate
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values when compared to arm cranking in the sitting
position, Of even greater interest however is the fact that a
13% higher workload was achieved at maximal effort in the
standing versus the sitting arm cranking position. Vokac and
coworkers (1975) attributed these differences to increased
efficiency in the standing position however oxidation of arm
lactate by SO fibre in postural leg muscles could also be a
plausible explanation.

As endurance training has proven to increase the
oxidative capacity of both FG and SO fibres it is logical to
question how endurance training would affect the A and L
exercise responses. Klausen and co-workers (1974 ) studied
two groups of healthy young male subjects exposed to arm
training «nd leg training respectively for five weeks. Before
and after training, the concentration of lactate in arterial
and venous blood from exercising extremities was studied
during 15 minutes of light and heavy A and L exercise. It
was found that the lactate concentration in arterial blood
and veno-arterial lactate differences were significantly
decreased during exercise with trzined muscle groups. The
arterial lactate concentration and the veno-arterial 1actate
difference were always greater during A exercise than
during L exercise at the same relative and absolute
workioad. Training did not affect this relationship.

Pendergast and collegues (1979) compared eight
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kayakers and three sedentary subjects performing arm
cranking at several workloads ranging from submaximal to
the highest they could sustain for 2 minutes and for
intervals varying from 10 seconds to 5 minutes. Compared
to the sedentary group, glycolytic arm work in the kayakers
was characterised by : 1) higher threshholds for retease of
lactate at the onset of submaximal work; 2) lower BLa
concentrations during comparable absolute or relative
submaximal work; 3) higher conventional anaerobic
thresholds for absolute but not relative workloads; 4) higher

maximal rates of lactate release; and S) the same maximal
BLa concentrations.

Although training of upper body limbs does improve the
oxidative capacity of upper limb skeletal muscle, the higher
arteriai lactate concentrations achieved in A exercise
versus L exercise remain unaffected.

It has been suggested that the margin for improvement of
oxidative capacity may be greater for arms than for legs
following endurance training. This is in view of reportedly
lower oxygen utilization coefficients for equivalent
workloads in UT arms compared to UT legs of sedentary
subjects and increased arm but not leg arteriovenous oxygen
differences following arm and leg training respectively
(Clausen, Klausen, Rasmussen, & Trap-Jensen, 1973; Saltin
et al, 1976). Holloszy and Coyle (1984) report that although
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Type 1l fibres have the lowest capacity for aerobic
metabolism in the untrained state, they may undergo a
fourfold or greater increase in mitochondria in response to
strenuous endurance training. Regardless of this capacity
for improvement, the oxidative ability of upper limbs cannot

exceed that of lower limbs following endurance training.

The significance of the differences in fibre type
composition, absolute mass of muscle and physiological
response to exercise in upper and lower limbs become even
more apparent when the cross- over benefits of training one
set of limbs to the untrained set of limbs are investigated.

Following endurance training by one limb or a set of
limbs, T limbs demonstrate 2 decrease in venous and
arterial lactate concentrations as well as a decrease in

blood lactate venous arterial difference. Decreases in

submaximal load heart rate, VOo, respiratory exchange

ratio and minute ventilation, and increases in venous pH
have also been noted at the same absolute submaximal load
post-training (Clausen, Kiausen, Rasmussen, & Trap-Jensen,
19713; Clausen, Klausen, Rasmussen, & Trap-Jensen, 1971b;
Clausen et al, 1973). Increases in arteriovenous oxygen
difference have been observed in T arms but not in T legs
(Clausen et al, 1971b; Clausen et al, 1973; Magel, McArdle,
Toner, & Delio, 1978; Saitin et al, 1976). These

limb-specific training effects imply that a substantial
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portion of the conditioning response is due to extracardiac
or peripheral adaptations occurring in T limbs alone. These
peripheral or local training induced adaptations have been
previously identified as increased mitochondrial density,
oxidative enzyme activity, myoglobin concentration and
capillarization, as well as decreased limb blood flow.

This principle of training specificity however, has been
argued on the basis of changes observed in UT arm exercise
response following leg training. Klausen and collegues
(1974) noted a decrease in venous and arteriat Bla
concentration in UT exercising arms following leg training.
No change inblood lactate venous-arterial difference was
noted. Clausen and coworkers (1971b) noted a decrease in
respiratory exchange ratio and heart rate, an increase in

cardiac output at heavy loads and no change in arteriovenous

oxygen difference or hepatic blood flow. increases inMVO,

of UT arms following leg training has also been
demonstrated (Clausen et al, 1973; Rosler, Hoppeler, Coniey,
Claassen, Gehr, & Howald, 1985)

In contrast to the changes in arm exercise response post
leg training, arm training produces few if any changes in
UT leg exercise response. Clausen and coworkers (19713,
1971b) observed a decrease in heart rate and a small

decrease in BLa during leg exercise following arm training.

No change in VO,, respiratory exchange ratio, or minute
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ventilation at submaximal loads were seen.

These transfer effects occurring during work by UT arms
following leg training have been attributed to
cardiovascular adaptations (specifically increased stroke
volume) which permit a greater oxygen uptake by the UT
muscles during activity (Clausen et al, 1973).

Wwhile important peripheral adaptations occur in response
to training of upper or lower limbs, central circulatory
adaptations resulting specifically fram lower body training
have also been demonstrated (Clausen et al, 1973).
Peripheral and central circulatory changes are most
apparent however during arm exercise following arm

training and fotlowing leg training respectively.

The transfer effect studies above highlight the
difference in fibre type composition, absolute mass of
muscle and physiological response to exercise in upper and
lower limbs. Upper body with a higher complement of FG
fibre will demonstrate a greater peripheral adaptation
to endurance exercise than the lower body with its already
high composition of SO fibre and oxidative capacity. Lower
body endurance training in comparison, will induce a central
training eftect, the large contractile mass of the tower
limbs increasing venous return and stroke volume thereby
fascilitating oxygen uptake by T and UT muscies.
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Wwhile many researchers have evaluated the effects of
upper body endurance training or lower body endurance
training on exercise lactate response, none to date have
investigated the effects of combined upper and lower body
endurance training on lactate production. The combination
of peripheral and central endurance training adaptations
could markedly alter the physiological response to upper or
lower body exercise, and combined arm and leg (A+L)

exercise as discussed in the following section.

2.5 Lactate Response in Combined Arm Plus Leq Exercise

The arterial lactate concentration and veno-arterial
lactate difference are always greater during A exercise
than during L exercise at the same relative and absolute
workload. This relationship is unaffected by training. Peak
BLa values after an exhaustive all-out effort however, are
significantly higher in L exercise than in A exercise ( Vokac
et al, 1975 ). Again, this relationship is unaffected by
endurance training (Secher et al, 1974)

As the larger muscle mass of the lower iimbs produces
a higher peak lactate at the end of a maximal exercise
effort than do the upper limbs, it would seem logical to

assume that a combined arms and legs exercise effort
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would produce blood lactate values that were higher still.
interestingly enough the following review will show that
this is not the case.

Freyschuss and Strandell (1967), observed axillary and
femoral arteriovenous oxygen and lactate differences in
three healthy young mates during A, L, and A+L exercise
using percutaneous catheters. Graded exercise was
performed in the supine position on two electrodynamically
braked bicycle ergometers which could be use separately or
simultaneousiy, one for the arms and one for the legs. Each
type of exercise was carried out as an uninterrupted series
of two workloads of increasing intensity, each one
lasting 6-7 minutes, with blood samples drawn between
5-7 minutes. In all instances, the loads were submaximal.
It was discovered that there was no significant difference
in the arterial lactates during L exercise and A+L exercise.

Previously, Bevegard and his aforementioned coworkers
Freyschuss and Strandell (1966) had observed the
adaptations to A, L, and A+L exercise by cardiac
catheterization in supine and sitting positions in six healthy
young males. Test protocols were similar to those presented
in the above study. No significant difference in the arterial
lactates during L and A+L exercise had been found.

Noting these observations, Freyschuss and Strandell
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(1967) suggested that during the A+L exercise, a net

uptake of lactate by the exercising legs occurred, thereby
lowering the A+L exercise lactate values to equal those
obtained in the L exercise. At the lowest workload this
seemed to be the case, a positive arteriovenous lactate
difference existing over the legs at the sixth minute of
exercise. Based on mean lactate values obtained after 6
minutes of light arm exercise, the authors estimated a
fivefold increase of lactate uptake in the legs. Even at
the heaviest A+L exercise, lactate utilization was still
observed in one subject despite a work level which should
have caused considerable actate production in the working
legs as well. This positive arteriovenous lactate difference
was not observed during the other modes of exercise. During
separate A and L exercise, all 12 observations showed a
negative arteriovenous lactate difference over the working
limbs and more so for the arms than for the legs at the same
tevel of oxygen uptake.

During A+L exercise, Freyschuss and Strandell aiso
observed that the calculated lactate reileases from the
limbs at the sixth minute of work were less than the values
predicted from the workloads and the observations during
separate A and L exercise. It was suggested that the A+L
exercise condition accelerated the achievement of a
metabolic steady state by decreasing the dependence on
anaerobic glycolysis at the beginning of the wurkload.
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Another physiological parameter evaluated that may
assist in the understanding of this phenomenon were the
arteriovenous oxygen differences observed during each mode
of exercise. In L exercise the oxygen saturation in the
femoral vein decreased gradually and reached a lower value
than that noted in the axillary vein during A exercise, even
when differences in oxygen uptake were considered. During
A+L work, the oxygen saturation of the axillary vein was
lower and the axillary arteriovenous oxygen difference
higher than during A exercise at the same level of arm
work. This was true for all the six observations. The
axillary arteriovenous oxygen difference at tiw heaviest A+t
load was on the average 22% higher than that expected
during A exercise at the same arm workload. Similar
relationships were observed in five out of six comparisons
of L versus A+L exercise, but the mean difference in

absolute figures was somewhat smaller.

Although Freyschuss and Strandell (1967) did not study
lactate turnover, their BLa observations seemed to support
the turnover theory proposed by Donovan and Brooks { 1983)
and their conclusions can be justified.

with the addition of lower body exercise to upper body
exercise one could argue that there would be a proportionate
increase in BLa values. Donovan and Brooks (1983) however,

noted that rising Bl a concentrations increased BLa removal.
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Furthermore, the addition of lower body muscle mass to
arm exercise would enhance removal owing to its large
volume and high proportion of SO fibre. This idea has been
supported by Green and co-workers (Green, Houston,
Thomson, Sutton, & Golinick, 1979) in their study of
intermittent bouts of supramaximal arm exercise performed
during prolonged submaximal leg work. Foiiowing arm work
a significantly higher lactate concentration in the vastus
lateralis muscle was observed when compared to the L
condition. This elevation in intramuscular lactate
represented an increase in uptake by the muscle as

substantiz] blood elevations occurred following arm work.

Lower ralculated lactate release in A+L exercise can
also be explained on the basis of immediate lactate uptake.
It is possible that lactate produced by FG fibre in the lower
limbs was immediately taken up by SO fibre, never even
entering the blood. Although blood fiow to limbs wouid be
compensated during A+L exercise due to the need for amore
widespread circulation, no hypoxic conditions would occur.
This is a result of the increased efficiency of oxygen
extraction as indicated by oxygen saturation and
arteriovenous oxygen difference values. Freyschuss and
Strandell (1967) attributed this increased efficiency to an
increased uniformity of muscle blood flow during exercise
in relation to metabolic demands, to an enhanced diffusion
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from blood to muscie cells, or to both these possibilities.
This explanation seems vaiid as a more widespread
circulation would increase the number of open capillaries

and therefore the surface area available for diffusion.

A+L exercise responses have also been investigated in T
individuals. Astrand and Saltin (1961) observed two well
trained and five active subjects performing maximal work
of various types. All A+L exercise protocels (cycling, skiing
and swimming) elicited lactate values that were lower than
those seen in legs only cycling and running. Although BLa's
were similar for A+L and L exercise, Astrand suggested
that it was probably higher in muscles when only tegs were
exercised. This assumption was based on the fact that
during L exercises, subjects usually complained that their

legs refused to continue.

Bergh et al (1976) observed 10 well trained male
subjects during the following types of maximal exercise:
uphill running, bicycling, arm cranking, and combined arm
work and bicycling. The A+L protoco! was performed in
six different ways, the arms doing 10%, 20%, 308, or 40%
of the total A+L workload; and also with the maximal

bicycle work ioad plus either maximal or submaximal arm

work. To ensure a leveling off of VOo, two to four maximal

workloads were performed for each A+L protocol. Untike the

previous reported results, BLa concentration after maximal
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exercise was not significantly different in any of the
various types of exercise, in spite of the great variation in

work time ( 3-8 minutes) and exercising muscle mass.

Knowing the differences between upper and lower bcdy
exercise lactate responses, these results are questionable.
One cannot compare the results of Bergh and coworkers
(1976) with those of any other study however, as it is the
only one looking at maximal exercise responses in various
exercise protocols, performed by highly trained individuals.

It is possible that differences in peak lactate values
were undetected due to the sampling times chosen, 2 and 4
minutes post-exercise. Depending on the exercise protocol
selected and the nature of the athlete performing the
exercise, BLa may have peaked before or in between these
sampling times.

An alternate explanation however might be proposed if
one knew what type of athletes were performing the test
(i.e., upper body trained, lower body trained, or both upper
and lower body trained ). Along the same lines, it would
be valuable to know the nature of training, whether it was
aerobic or anaerobic. This information would assist in
explaining the peak lactate values obtained after maximal
exercise as one would become more aware of the athlete’s

capacity for lactate production and lactate removal.
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Observations from combined arm plus leg studies have
also revealed other interesting trends related to endurance
and perceived exertion during the testing sessions. Astrand
and Saltin (1961), Bergh et al (1976; and Millerhagen et al
(1983) observed that ventilatory anaerobic threshold was
significantly delayed in A+L exercise protocols compared to
A or L protocols. Treadmill incline sustained in A+l
exercise was greater than that sustained in L exercise while
oxygen cost per stage of exercise was greater in | exercise

as compared to A+L exercise.

Wwith respect to perceived exertion, Astrand and Rodahi
(1986), Millerhagen et al (1983), and Mustardi and
coworkers { Mustardi, Gandee, & Norris, 1981) alt found
that subjective perceptions of fatigue were greater during

L exercise as compared to A+L exercise.

Results of these investigations suggest that A+t
exercise produces less physiolagical strain than L and,
possibly, A exercise. Although this phenomenon has been
repeatedly cited in the literature, very few researchers
have attempted to explain it and none have designed studies

to investigate this phenomenon specificatly.

From an ethical standpoint, hesitation to pursue this
line of research is understandable. Percutaneous and cardiac

catheter insertion are invasive procedures attracting few
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willing participants and introducing unwanted sources of
error. By studying only one aspect of this phenomenon, peak

BLa values for example, these methodological problems
could be overcome.

Analysis of whole blood lactate drawn from fingertip
samples after various modes of exercise would provide
insight into the physiology of A+L exercise and at the same
time present few methodological problems. As lactate
concentration is higher in whole muscle than in blood at all
intensities of exercise (Jacobs & Kaiser, 1982) analysis of
whole blood versus serum or plasma lactate would best
represent intramuscular lactate levels and peak lactate
values associated with maximal exercise. Utitization of the
enzymatic amperometric principle of lactate measurement
causes lactate containing red blood cells to be centrifuged
out of plasma and serum samples, producing lactate values
that are lower than those obtained from whole blood
analysis ( Kontron Medical, 1981 ).

No studies have been performed on total body endurance
trained athletes during maximal exercise efforts and littie
is known about the peripheral and central training effects
on maximal lactate values obtained following A+L or A
exercise protocols with respect to athletic performance.
This information would be valuable.
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Finally, an analysis of BLa values obtained following
A+L and A exercise protocols would assist researchers in
developing 2 new explanation for this metabolic
phenomenon, an explanation which would focus less on
sympathetic activation, and more on the effect of muscle
mass and fibre type distribution and recruitment during

maximal exercise.



CHAPTER 111

Methodology

3.1, Introduction

The purpose of this chapter was to review the
methodology used in this study through a description of (a)
subjects, (b) experimental protocol and (c) statistical

procedures used in the analysis of results.

3.2. Subjects

The subject sampie was comprised of male and female
rational team cross country skiers. Specifically, subjecis
selected were members of the Men's and Women's Senior and
Junier National Cross Country Ski Teams. Data was
generated on a total of 13 subjects ranging in age from
17-28 years {(Table 2). The athletes represented a lean,

upper and lower body trained, high aerobically fit group,

with mean maximal oxygen consumption (MVO9o) values

ranging from 54.3-78.5 ml/kg/min. From an original sample
of 18 skiers, only data on the 13 skiers who successfully
completed all test sessions described below was included in
the analysis.
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Mean, Standard Deviation and Range of MVO, Values Grouped
According to Team Membership

TEAH DESCRIPTIVE Hvo, nvo, YEARS OF SKI
DESIGNATION STATISTICS 1/min miZkg/min EXPERIENCE®
SENIOR MEN MEAN S45 70.7 12
STANDARD DEVIATION 055 531
RANGE 465-6.31 64.1-78.5
SENIOR WOMEN MEAN 3.35 60.7 11
STANDARD DEVIATION 0.42 6.72
RANGE 2.96-4.08 54.3-69.7
JUNIOR MEN MEAN 2.37 nz 7
STANDARD DEVIATION 0.40 5.92
RANGE 4.82-5.90 67.7-717.9
JUNIOR WOMEN MEAN 3.08 60.4 8
STANDARD DEVIATION 0.26 411
RANGE 269-3.41 56.1-64.3

# YEARS OF SKt EXPERIENCE REPRESENT GROUP MEAN VALUES
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Data was collected over a 1 year span at the University

of Ottawa during annuai testing sessions conducted at the
end of May or the beginning of June. informed consent for
testing and statistical evaluation of the data was obtained
prior to this testing period by all athletes involved. Regular
testing sessions throughout this time period enabled
athletes to become familiar with fest protocols ensuring
results generated represented maximal exercise efforts

performed under conditions of maximal motivation.
3.3. Protocol

Data collected during these spring testing sessions
represented the start of the athletes' aerobic base training.
Various training and competition schedules however
prevented all athletes from being tested on exactly the
same day. 1t was not the intent of the study however to
evaluate the effects of training and competition on
performance during testing sessions. Furthermore, the Cross
sectional design was not chosen for purposes of comparison
of one skier to another. Rather it was hoped that such a
design wouid provide insight into the physiology of A+l

simulated ski exercise performed by cross-country skiers,
the protocol representing a modified MVO, test, a widely

implemented test of aerobic fithess.
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Testing sessions were conducted in two phases, the

difference in the phases belng the nature of the MVOs test
employed. In each phase, the same A only exercise protocol,

the rollerboard test, was used. In phase ong, the MVO, test

was administered according to the CASS protocol (Thoden,
wilson, & MacDougall, 1982) modified to incorporate the
arm and leg muscles utilized in cross-country skiing (Saar &
Schier,1984). See Appendix A for an illustration. Briefly,
the test involved ski walking on a treadmill of increasing
grade with simultaneous arm poling movements (through the
use of a rope pulley system) until achievement of a heart

rate of 180 beats per minute (bpm). Arm pulley resistance

was then increased until MVOo was achleved ( criteria for

cessation of tests may be found in Saar & Schier, 1984.
Heart rates were recorded using a Polar Electro PE 3000
Sport Tester Heart Rate Monitor (see bibliography) from the
beginning to the end of exercise, as well as post exercise
until return to a rate of 120 bpm. Fingertip biood sampies
were collected at 2 minute intervals throughout the test and
again at 2 and 3 minutes post exercise.

In phase two, approximately one year later, the A+l
protocol two MVO, test was performed. Like phase one, the
test protocol was incremental in nature yet it was

performed on a ski treadmill and was therefore more sports
specific (see Appendix B). Using skis and poles, skiers
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performed a diagonal stride on a carpeted treadmiil whose

speed and/or grade changed every 3 minutes until physical
exhaustion prevented the skier from continuing . This point
usually coincided with an oxygen plateau and maximal heart
rates, both of which are characteristic of attainment of

MVQ». Heart rates were again recorded throughout the test

using a Sport Tester Heart Rate Monitor which has been
proven to be both a valid and stable monitoring tool (Leger &
Thivierge, 1988; Karvonen, Chawlbinska-Moneta, &
Saynajakangas, 1984). Fingertip blood samples were taken
at 3 minute intervals throughout the test and at 0, 1, 2, and

3 minutes post exercise. The increase in the time spent at

each workload in the phase two IMVO, test was irplemented

as skiers were found to be more efficient in their

performance and could tolerate 3 versus 2 minute stages.

Expired gases were collected using a Tissot tank,
samples being analyzed at 30 second intervals with a Roxon
Medi - Tech oxygen and carbon dioxide analyzer . While
expired gases and fingertip blood samples were taken at
each stage of the test this information was not pertinent to

the present study whose focus was on post exercise PBLa

values only. The individual stage VO, and BLa values were

incorporated into a second study and these resuits may be
found in Stark {1989),
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Blood lactate analysis was conducted using The Konfron
Model ©40 Lactate Analyzer (Kontron Medical, 1981).
Approximately 20 to 60 microlitres (ul) of fingertip wholie
blood was collected via heparinized capiliary tube at each
sampling. Fromr this sample 20 ul was withdrawn and
immediately added to and mixed with a diluting soiution of a
set volurne {usually 18G ul) contained within special blood
haemolysis tubes (Kontron Part 940-0367). This proceedure
resulted in immediate interruption of glycolysis and
liberation of both intracellular and extracellular lactate
enabling total lactate content of the blood to be analyzed.
while a dilution ratio of 1.10 is usually satisfactory a
larger dilution ratio was necessary for lactate
concentrations extending beyond 12 mmol/l. Lactate
concentration was determined through the enzymatic
amperometric principle of measurement, samplies drawn
being analyzed within 24 hours of the sampling time, It is
worthwhile to note however that lactate content of the
diluted biood sample remains constant at room temperature
for at least 48 hours . For furtner information on the
retiability of the Lactate analyzer 640 see Geyssant,
Dormofis, Barthelemy and Lacour (1985).

Both gas analysis aﬁd biood analysis systems were
caliprated prior to and throughout the testing sessions,
calibration and operational procedures conducted as outlined
in the respective operation manuals.
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Confirmation of MVOs was obtained through the

utilization of a modified MVOo protocol. Athletes performed

a one stage test of 3 to S minutes duration, treadmiil
incline and speed equalling that attained at the termination

of the preceding MVOo test, or one to two degrees higher

dgepending on the total time spent at the termination load.

The A rollerboard fest was designed to assess the
capacity of the athlefe’s anaerobic lactic system, an energy
system component linked to the maximal double poling
performance required during the finishing stretch of a
cross—country ski race.

The rollerboard is 2 95 inch inclined track (21.5-26.0
degrees from the floor) which s secured to two vertical
posts (see Appendix C). Resting on the board is a trolley
upon which the skier kneels. Using puli ropes attached to the
vertical posts, the skier pulls himself and the troiley up and
down the rolierboard track thereby simulating a double
poling action.

The rollerboard test invoived the same movements as
described above. A tape recorded message provided cues to
pull at a cadence of one pull every 2.5 seconds for a duration
of 2 minutes. Originally, pulls were performed at a rate of |

every 3 seconds. With training however, the capacity of the



70
skiers anaerobic lactic systems were found to approach the
2 minute time limit of the test and therefore a faster
cadence was selected to reflect this improvement. Fingertip

lactates were taken at 2 and 3 minutes post exercise.

The rollerboard test was selected as it represented a
maximal A exercise effort that incorporated a familiar arm
movernent pattern. Furthermore, the skiers reguiarly ussd
this device for upper body training. Further details of the

rollerboard test can be found in Saar and Schier (1984),

in summary, the rollerboard test and A+L IMVOp tests

were selected as they represented familiar maximal upper
body and maximal combined upper and lower body simulated
ski exercises that would generate peak determinable lactic
acid levels and provide insight into the physiolegical
response of A+L and A exercise . On all test dates, a
minimum of 2 hours rest existed between the completion of
one test and the commencement of the second test to allow
for a full lactate removal. The rolterboard test always
followed the treadmill tests and only one treadmill test
was conducted per day. As it was not possible to calculate
specific units of work for A and A+L protocols, attempls
were made to control for movement pattern, and the effects
of work rate, test time and tody weight were faken into
consideration (Mackenzie, 1989).
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3.4 Statistical Analysis

The statistical analysis was performed in four phases.
The first phase of analysis invglved determination of means
and standard deviations of blood lactate concentration
obtained from the A and A+L protocols. Means and standard
deviations of the Lactate Index (Li) were also determined.
The LI was defined as the peak rollerboard blood lactate
concentration ( PBLa(A) ) divided by peak treadmili blood
lactate concentration { PBLa(A+L) ).

L= PBlLalA)
PBLa(A+L)

The LI dependent variable was selected as it represented a
retative rather thanm an absoluté mecsure of a response
specific to the upper and lower body endurance trained
skiers. The nature of ifs ratio furthermore rendered it very
sensitive to manipulation allowing for a more in depth

gvaluation of subject responses.

The second phase consisted of a one way analysis of
variance using a single factor design with repeated
measures ( Keppel, 1973), Here the dependert variable was
peak blood lactate concentration and th~ independent
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variable was mode of exercise. This phase determined
whether  significant differences existed in lactate
concentration under different exercise conditions amoung

the four populations of skiers .

The third phase of analysis consisted of a two variable
factorial design with repeated measures on one factor.
Independent variabies in this case were mode of exercise
and team designation while the dependant variable was LI
This phase examinred the nature of the A+L protocols
specifically in an attempt to identify uniaue responses of

Senior and Junior Team rmembers.

Phase four consisted of identifying the reiationships

between the following five dependent variables. PBLa(A),

PBLa(A+L), LI, MVOp and total test time (TTT) using a

correlational matrix. Correlations were calculated using the

Pearson Product Moment Correlation (r) method
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CHAPTER IV

Results

40 Introduction.

The purpose of this study was to determing, evaiuale,
and corpare peak fingertip lactates obtained foliowing
maximal intensity simulated double poling exercise or A
onily exercise and, AL sxi striding exercise performed on
two different types of treadmills. Furthermore, it was
hoped that relationships between whole biood lactate,
aerobic fitness indicators, endurance capacity and sports

specific training of muscle mass would be identified.

The resuits will be presented in the following rnanner .
{@) mean values of A+L MVOo and TTT obtained on two
testing dates by male and female skiers with a discussion
of trends; (b) mean values of PBLa(A) and PBLa(A+L) as well
as L! obtained on two testing dates with discussion of
trends; (c) correlational table of the following five
dependent variables. PBLa(A), PBLa(A+L), Li, MVCo, TTT and
a discussion of findings. A discussion section for
significant fingings will follow which will include ANOVA
tables illustrating the influence of protocol and gender on

MVO, and the influence of mode of exercise on peak blood

lactate (PBLa). Tiwe effects of A+L protocol onLi and of mode

of exercise and team designation on Li wiii also be
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PHASE ONE AND PHASE TWO MEAN MY0x (mi/kg/min), TTT (minules),
PBLa(A), PBLa(A+L) (mmpl/1) and LI values

YARIABLE MEAN +/-SD. M DATE
Mv0z 7218 /- 5,36 13 01/05/85 *
MVO2 6524 ~/- B5B 13 01/06/86 ==
17T 20,00 +/- 3.21 13 01/05/85
T 2069 +/- 5.2 13 01/06/86 ==
PBLa(A) §.49 +/- 1.37 13 01705785 *
PBLa(A) 952+/-154 13 01/06/86 **
PBLalA+L) 696 +/- 193 13 01/05/85 *
PBLalA+L) 9.25+/- 155 13 01/706/86 **»
Ll 1.30 +/- 039 13 01/05/85 *
LI 1.06+/-026 13 01/06/86 =~
Table 4

MEAN MYOp AND TTT VALUES FR3M TWO DIFFERENT A+L PROTOCOLS FOR
MALE AND FEMALE SUBJECTS

GENDER DATE N MVO2 +/-S.D. TTY +/-SD.

{ mi/skg/min) (minutes)
MALE 01/05/85 * & 7659 +/-1.75 2031 +/-3.88
FEMALE  01/05/65* S 65.14 +/- 3.67 19.50 +/- 2.00
MALE 01/06/86 ** 8 6776 +/-350 2181 +/-5.48
FEMALE  01/06/86 %% & 56.00+/-1.41 1880+/-472

* TREADMILL PROTOCOL ONE

** TREADMILL PROTOCOL TWO



addressed,

As lllustrated in Table 3, treadmill MVO, values were

12% higher when skiers performed the A+L exercise using
the ski striding / rope pulley technigue than when the A+L
ski treadmill exercise was performed. On both test dates

rnaie MVOo's were on average 16% higher than female
MVOz's (Table 4). Both treadmill pretoco! and gender

airferences later proved to be statisticaiiy significant (see
discussion section).

Taoles 5 and 4 aiso illustrate TTT means and Standard
geviations grouped according to treadmili protocol and
gender. in all instances, no statistical significance was
found.

With respect to PBLa, A mean values were higher than
A+L values qver two test dates (Tahle 3). Differences
however were greater between A and A+L protocol one
(Table 3). A one way ANOVA revesled that mode of exercise
did produce statistically significant differences in PBLa

1wes. More specifically, Tukey's test identified significant
differences between protocol one PBLa(A) and PBLa(A+L),
and between protocol one and two PBLa(A+L), but not
between protocol two PBLa(A) and PBLa(A+L) values, With
respect to PBLa(A), values were higher on the second test
date but differences were not statistically significant. The
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physiological relevance of these findings will be addressed

in the discussion section.

With respect to LI, mean values were higher on test date
one than on test date two (Table 3. Li is the ratic of
PBLa(A), divided by PBLalA+L) . Lower values on date two
then reflect the increase in PBLa(A+L) values previously
discussed. A one way ANOVA was run to determing
significance between these LI means, Although the
difference between these means was not statistically
significant it was equivalent to 90% of the difference

required for statistical significance.

The correlational matrix in Table 5 presents the Pearson
Corretational Coefficients for the variables Li, PBLalA),
PBLalA+L), MVOs and TTT taken as pairs. A strong negative
correlation (-0.83) was noted between PBLa(A+L) and LI
illustrating that the decreasing Lt ratio is a function of the
increasing PBLa(A+L) dencminator. Most surprising however
is the lack of a high correlation between the remaining
variables, High PBLa{A) values do not imply high values for
PBLa(A+L). PBLa(A+L) does not represent the additive effect
of A and L lactate production. The additior of leg exercise
to arm exercise does seem to change the nature of the
physiological tactate response.

Low correlation between the variable pair MV0O, and L
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also deserves attention. Li, a relative measure of an
athlete's lactate response to A versus A+L exercise is not

necessarily related to their maximal oxygen consumptuion

Table 5
CORRELATIONAL MATRIX PRESENTING THE PEARSON CORRELATION
COEFFFICIENTS FOR LI, PBLa(A), PBLalA+L), MYO2 AND TTT TAKEN AS
PAIRS

=20 LI PBLa{A) PBLa(A+L) MY02 T
mmol/1  mmol/} mli/kg/min min

Ll 00 025  -0.83* 019 010
PBLa(A) 025  1.00 025 002 027
PBLa(A+L) -0.83*  0.25 100 -0.09  0.00
MV05 019 002 =009 100 0.19
TTT 0.10 027 000 019 1.00

* significant &l p<.0001

ability. This could imply that oxygen consumption is not a
related factor inthis form of A and A+L exercise. Perhaps

an athlete's individual ability to tax a larger percentage

of their MVOo is what distinguishes their lactate oxidizing

capacity. For example, mitochondrial size, number and
enzyme levels, vascular bed size, SO fibre percentage and
size and ultimately, arteriovenous oxygen differences could

all be factors that might better dictate an‘athletes lactate
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oxidizing capacity ( Holioszy & Coyle, 1984).

TTT is another variable that one might have thought
“would be positively correlated with MVO,. |f oxygen

consumption is not a related factor than TTT may too be
more a function of local muscular characteristics resulting
from the peripheral versus central changes induced by upper
and Tower body endurance training. Another possibility is
that TTT may be indicative of the degree to which an athlete
can tolerate lactate, cen psychologically motivate
themselves or, is mechanically efficient in performing the
exercise task ( Asmussen & Mazin, 1987a, 1987b; Franklin,
1985).

Lack of correlation amongst these five dependant
variables may exist for a variety of reasons. The
significance of this however lies in the fact that these
variables are truely independant of one another and

represent distinct physiological responses.



The fact that A+L MV0Oo values of male team members

were significantly higher than female team members
coincides with the exercise physiology literature { Astrand
& Rohdal, 1970} and is understood to be a result of the
higher fat body mass and lower oxygen-binding capacity of
the blood of the human female. A quite unexpected finding

Table 6
MYOo AS AFUNCTION OF A+L PROTOCOL AND GENDEPR.
AX(BXS)DESIGN A = GENDER
B = PROTOCOL
SOURCE SUM OF SQUARES  df MEAN SQUARE  F RATIO
A 828.77 1 828.77 86.25%
S/A £9.65 1 6.33
B $20.22 i £20.22 04.14%
AXB 0.15 | 0.15 0.02
B X 3A 105.69 11 9.61

* SIGNIFICANT AT THE p¢ 0.05 LEVEL

however was the fact that NVOQ vatues sigmificantly

decreased from one testing session to the next. This was
true of both pooled subject data as well as separate male

and female group data. One possible explanation is that
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training throughout the year between testing sessions could

have influenced the MVOo values. it seems unlikely though
that the training regime of an endurance athlete would

produce a decline rather than an increase in MVO, values,

and consistently affect MVO, values of every team member.

The second more plausible expianation for declining

MV0o values would be the difference in treadmill protocols

between the first and second test session. The second A+L
protocol represented a much more sports specific exercise
sirmulating the upper and jower body Timb movement
characteristic of the diagonal stride technique in cross-
country skiing. It is possible that the familiarity of this
rmovement pattern enabled the subjects to exert themselves
to a greater degree and more closely mimic the muscle
involvement and work intensity that might be encountered
during a race of the same speed and grade. Increased

intensity, higher BlLa levels, and longer treadmill stages

may ail nave been factors influencing MV0- values. if oxygen

consumption is not a limiting factor in this form of A+l

exercise, one would not expect the deciing in MVO5 vaiues 1o

influence TTT. As previously discussed no significant
difference was noted between the TTT's of both A+l
protocols. Finally, increased exercise intensity would be
reflected in higher PBLa values post exercise and as noted in
Table 8 this was the case. Protocol two PBLa values were
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signiticantiy higher than PBLa's of protocol one possibly
indicating greater recruitment of FG fibre.

As absolute work was not measured during the

performance of either phase one or phase two (A+L)
protocol, it is possible that the differences between MVOs

and PBLa(A+L) values obtained could be accounted for on the
basic of work done and efficiency of technique. It is
. possible for example that work efficiency was lower or real
work was higher in phase one versus phase two (AsL)
protocol. Distribution of work batween upper and lower
body may also have been quite different in each brotocol.
Perhaps the use of the rope pulley system in (A+L) protocol
one permitted a degree of support for the skiers not present
in (A+L) protocol two. Perhaps the freadmill angle sustained
and the work required to 1ift the legs on (A+L) protocol one
was greater than that encountered in (A+L) protocol two. In
either case, if percentage of work done dy upper and jower
body was different in each protocol, so was the work
intensity relative to that mass of upper or lower body
muscle. Simifarly percentage of FG and SO fibre recruited
and peak muscle and blood lactate would also vary. On the

basic of this information then one can propose that the
differences in MV0o and PBLa(A+L) values noted beiween
both (A+L) protocols may be better explained by the nature
of the A+L protocol rather than by physiclegical changes

incurred as a result of training regimes.



Table 7

PEAK BLOOD LACTATE AS A FUNCTION OF MODE OF EXERCISE

SOURCE SUM OF SQUARES  df  MEAN SQUARE  F RATIO
MODE OF EXERCISE 43.77 2 21.88 §.17%
ERROR 131.24 49 2.68

¥ SIGNIFICANT AT THE p< .05 LEVEL

Table B

TUKEY'S STUDENTIZED RANGE HONESTLY SIGNIFICANT DIFFERENCE (HSD)
TEST FOR THE YARIABLE : PEAK BLOOD LACTATE

ALPHA =0.05 CONFIDENCE = 0.95 DF=49 M3E=2.67853
CRITICAL VALUE OF THE STUDENTIZED RANGE = 3.418

MODE OF SIMULTANEQUS DIFFERENCE SIMULTANEQUS
EXERCISE LOWER BETWEEN UPPER
COMPARISON CONFIDENCE LIMIT MEANS CONFIDENCE LIMIT

3 AND 1 -1i0 024 1.59

3 AND 2 0.72 227 382+«

1 AND 3 -1.59 -0.24 1.10

1 AND 2 0.68 202 3.37 %
2AND 3 -3.82 -2.27 -0.72 %

2 AND 1 -3.37 -2.02 -0.68 *

COMPARISONS SIGNIFICANT AT THE p< 0.05 LEVEL ARE INDICATED BY *
MODE 1=A  IMODE 2 =A+L PROTOCOL*t  IMODE 3 = A+l PROTCCOL *2
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As stated in the previous section, mode of exercise was
found to produce significant differences in PBLa means (see
Table 7). The results of Tukey's test (Table 8) revealed that
PBLalA) values were  higher than PBLa(A*L) of both
protocols but only significantly higher than A+L protocol
one lactates. As PBLalA) were not significantly different
over the two test dates, lack of significance between
PBLalA) and PBLa(A+L) protocol two lactates were a resuit
of increases in the PBLa(A+L) values.

As the nature of the testing protocol may be influencial
in the determination of physioiogical responses, it is
possible that an examination and comparison of the testing
protocols could provide an explanation for the higher
PBLa(A) values obtained,

The nature of the upper body movement employed in each
protocol for example is one area which warrants closer
consideration. it is possible that the A protocol may
incorporate a greater isometric component than the A+L
protocol. With respect to the A exercise, there is a greater
degree of upper body stabitization required for maintenance
of balance due to the absence of the postural weight bearing
lower 1imbs. The ratio of time upper body muscies spend in
contraction versus relaxation may also be longer in the A
protocol, The arms must first puli the body up, and then
fower 1t down the rollerboard track involving both
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concentric and eccentric contractions (5ale & Norman,

1982). As an increase in contraction length will lead to an
increase in venous pressure and a subsequent decrease in
perfusion pressure, blood flow may be Timited ( Clausen,
1973 ). This in combination with the fact that upper body
musculature may have a higher ratio 3f FG to SO fiber and
thus a lower oxidative capacify than lower body
musculature couid suggest a higher dependance on an
anaercbic production of energy and a decrease in lactate

uptake. This could lead to higher intramuscular and blood
lactate values.

The arm position in the A protocol may also contribute
to increased lactate values as the arr pull begins and ends
in an arms overhead position. The elevated arms position
could produce a decrease in the hydrostatic pressure that
might not be offset by the increase in systemic blood
pressure characteristic of A exercise. This too could lead to

f

compromised blood flow.

Finally, the vascularity of FG fibre in general may also
increase BLa values in the A protocol. In comparison to SO
fibre, the relatively fewer arterioles and capillaries
increase resistance to outflow of blood from the artery

lirniting perfusion of the working muscle.

Wwhile blood flow may be compromised in A exercise it is
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not  necessarily  limiting.  Vasoconstriction in  the
non-exercising legs represents a pronounced elevation in
peripheral resistance due to the size of iis vascular bed.
Blood pressure will increase to maintaln adequate blood
flow. Due to the inactivity of the leg muscles there wiil be
Tittle build up of vasodialating metabolites to counteract
the sympathetic induced vasoconstriction. Maximai eifor{ by
upper lirbs on the other hand will ensure maximal
dilatation of upper limb resistance vessels.

As blood flow was not measurad one can only speculate
as to its role in muscle metabolism in this study. A great
deail of the information about maximal blood flow stems
from in situ electrical stimulation experiments which are
thought to underestimate in vivo blood low values (Laughlin
and Armstrong, 1985). True venous pressures within
skeletal muscle vasculature are also unknown making
calculations of the pressure difference across the vascular
bed impossible. Conclusions based on blood fiow and

pressure then would be premature and purely theoretical,

To what extent the above factors influence PBLa(A)
values cannot be determined. One must realize however that
similar vartables will affect the A+L exercise and
potentially cause an increase in A+L lactate production. In
the A+L protocois, the upper body musculature defimitely
performs a stablizing function adding power to and
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balancing the lower body stride. In protocol two especiatly,
arms take on a welght bearing role to accomodate increases
in treadmill grade and postural forward lean. As well,
subjects are required to hold and manipulate ski poles
increasing the amount of time the arms are in a state of
contraction. The closeness of this upper body exercise
simulation (relative to the arm pulley system) to actuai
cross-country arm technigue furthermore, encourages
greater and rmore natural participation of upper body
accessory muscles which could promote a regular breathing
pattern . This would be quite uniike the breathing pattern
accompanying the arm movement incorporated in the
rollerboard test, subjects tending to hold their breath
throughout the duration of each pull, Finally, the hinderance
of the oxygen monitoring system not present in the A
protocol may also affect subject breathing. Mouthpieces,
air collection tubing and stablizing head gear utilized in
protocol two, could have rmade subjects more apprehensive
during the A+L tests than during the A exercise. All of these
factors then could have contributed to elevated lactate
ievels in the A+L exercise condition,

The physiology of A exercise is truly distinct from A+L
exercise. It is well documented that at a given relative or
absolute submaximal load A exercise is performed at a
greater physiological cost than L and A+L exercise. Studies
of A exercise at maximai loads however all indicate that
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peak lactate values are less than that acheived in L and
A+L rnaxirnal exercise ( Secher et al, 1974 ; Secher, 1977,
Bergh et al, 1976; Vokac et al, 1975, Astrand et al, 1565 ).
These results are contradictory to what this study has
found. While variables such as blood flow, type and length of
contraction and efficiency of technigue may have influenced
lactate levels in this study, so have they influenced
previous research. Although their role in lactate metabolism
cannot be ignored, it is doubtful that they can account for
the total reversal of the A lactate trend sited in this study
and alternative explanations must be sought.

Il is possible that the lactate sampling site could have
influenced the PBLa(A) values. The fingertip site used for
blood collection would preduce a falsely high PBLa(A) level
due o the fact that the sample was peripheral and had riot
been adequately diluted by the systemic circulation. If this
was the case then PBLa(A+L) values would also have been
falsely high, the sampling site being the same in both A and
A+L exercise.

Although sampling sites were identical in both A and
A+L protocols, their proximity to the contracting muscle
mass may not necessarily have been the same. Temperature
induced Changes in post exercise blood redistribution may
have also infiuenced PBLa values obtained. Simitarly, peak
lactate values measured were assumed to be representative
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of maximal values but as work was not actually measured

this may not have been the case. Whiie all these factors may
have influenced PBLa(A) and PBLa(A+L) values, skiers did
perform to their voluntary 1imit in both A and A+L protocols
and Jower PBLa(A+L) vaiues cannot be explained by skiers
attempts to avoid maximal exertion or to "hold back."

The unigueness of this work in comparison to previous
résearch is that our subjects are a high aerobically fit group
who have undergone both upper and lower body endurance
training for a minimum of 7 to a maximum of 12 years. In
addition, they are performing maximal intensity exercise
which is very specific to the sport for which they were
trained. The most plausibie explanation for the elevated

PBLa(A) levels then should take into account the above
factors.

in UT subjects it has been shown that resting legs are
more effective lactate eliminators than resting arms and
that A+L exercise can produce a positive arteriovenous
lactate difference over working legs not found in A and L
exercise conditions (Freyschuss & Str'andeﬂ, 1867, Green et
al, 1979). Mere postural differences can lead to achieverent
of a i3% higher workload when arms are working in a
standing versus a sitting position ( Vokac et al, 1975).
T individuals can sustain a greater treadmill incline for a
tonger time and perceive less fatigue in A+L versus A and L
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exercise (Milierhagen et al, 1983). Knowing how endurance
training enhances the oxidative potential of both FG and 50
fibre and thus the peripheral as well as centrai training
adaptions sustained by the cross-country 3skiers, a
metabolic process whereby A+L exercise could ephance
lactate uptake and reduce peak blood lactate levels below
that found in A exercise can be suggested. The addition of
leg to arm exercise would lead to an increase in venous
return due to the activity of the muscle pump propelling the
blood back toward the heart. A decrease in the blood volume
of the legs would lead to a decrease in venous pressure
which in combination with an increased hydrostatic
pressure would iead to an improved cardiac output and
perfusion of the muscle bed Blood flow would be
redistributed allowing a widening of the arteriovenous
oxygen difierence and the potential for a greater extraction
of oxygen. As prolonged heavy exercise can lead to increased
utitization of blood borne iactate (Karisson,1971), increases
in lactate production by upper and lower limbs in the A+L
exercise would be compensated by improved iactate
absorption, The highly oxidative lower limb muscle mass
would promote lactate diffusion due to the larger fibre
surface area and capillary to fibre ratio. Good blood lactate
reroval by SO fibre would increase the rate of release of
intramuscular FG lactate and decrease the subjective
feeling of exertion that accompanies high intramuscular
lactate levels (Astrand & Rodahi, 1986, Milierhagen et al,



30
1983, Mustardi et al, 1981).

While A+L exercise would produce the above metabolic
response, endurance training , particularly sports specific
would enhance the process. The characteristic increase in
rmitochondrial size, number and enzyme levels, in LDH-H, in
fibre capillary density and in SO fibre surface area, would
lower the PBLa(A+L) values below PBLa(A) values. If UT
individuals require higher blood lactates to obtain the same
lactate removal (Donovan & Brooks,1983) than T subjects
would begin lactate removal at an earlier point in the

exercise bout. With a linear relationship existing between

VO~ and iactate turnover (Mazzeo et al, 1986) T subjects

would tend to demonstrate a higher rate of turnover than UT
subjects. Improved lactate uptake would lead to a higher
maximal rate of lactate release (Pendergast, Cerretelli, &

Rennie, 1979) and an improved exercise tolerance.

Pendergast and colleagues (1979) illustrated that
maximal A exercise in both T and UT individuals produced no
significant differences in PBLa concentrations. In this study
no significant differences were found between the first and
second test date PBLa(A) values. This supports the theory
then that the PBLa(A+L) values of the cross-country skiers
are probably a function of their endurance trained, highly
oxidative lower body mass reducing PBLa values . The

lower A+l values and the attainment of significant
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differences between PLBa(A) and PBLa(A+L) means represent
a reduction in PBLa values rather than an increase in their
PBLa(A) values.

With respect to LI, lower values on test date two
reflected increases in PBLa(A+L) as opposed to decreases in
PBLa(A) values. The difference between test date means was
almost significant { p< 0.05 ) and may have achieved true
significance with a greater number of subjects. The
implication that a significant difference reflects an
improvement in the athletes lactate oxidizing capacity
however must be made with caution. As the degree of sports

specificity in A+L exercise protocols produced significant

differences in both MVO5 and PBLa values, it is reasonable

{0 assume that the LI values were similarly affected. !t
would be necessary then to first examine the change in L!
values over a year using the same A+L protocol before the LI
of alternate protocols could be compared and its relevance

as a physiological measurement determined.

Treadmill protocol and team designation produced no
significant differences in LI means. Knowing that the
sports specificity of exercise simulations and subject
gender can influence the response of physiological

parameters such as PBLa and MVQs, perhaps comparisons of

LI values produced using the same A+L protocol on a greater
subject pool would improve significance.
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Tre results of this study indicate that peak fingertip
whole blood lactate values obtained following maximal
intensity simulated double poling or arms only exercise,
significantly exceeded those obtained following maximal
intensity ski-striding or combined arms and leg exercise
when performed by the Canadian National Cross Country
Team according to the modified C.A3.5. protocol ( Saar and
Schier, 1984 ). Performance of a maxirmal intensity diagonal
ski stride on a carpeted ski treadmill with skis and poles, a
ore sports specific A+L exercise, increased peak fingertip
wholeé blood lactate values beyond those found in the
modified CASS. protocol. Although lactate values were
still below those achieved in the A exercise, differences
were not significant. The lower PBLa values obtained in the
A+L exercise seemed to be a function of the addition of
active lower body muscle mass to upper body exercise and
more specifically, the lactate oxidizing capacity of the
skiers' endurance trained S0 fibre,

Differences in PBLa(A*L) values seeme to be a function
of the degree of sports specificity of the A+L protocol to
cross-country skiing. It is possible that ski-striding
performances on the ski treadmill represented a more
sports specific and familiar movement pattern enabling
skiers to involve a greater proportion of muscle mass and

achieve higher PBLa levels through increased recruitment of
FG fibre.
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Finally, this study found no statistically significant
correlations between any pair of the following variables:

PBLa(A), PBLalA+L), MVO,, TTT and LI, notwithstanding the

strong negative correlation betwen L1 and PBLa(A+L), (see
Table 11). This lack of significance could suggest that these
variables are truly independent of one another and represent

distinct physiological responses.
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Chapter V
Conclusions And Recommendations

S.1. Introduction,

The purpose of this study was to determine, evaluate and
compare peak fingertip lactates obtained following maximal
intensity simulated double poling exercise A exercise and,
AL ski striding exercise performed on two different types
of treadmills. If moderately high to high endurance trained
Cross-country skiers may be characterized by good lactate
removal, it was thought that PBLa(A) values would be higher
than PBLa(A+L) values.

5.2 Conclusions:

Contradictory to previous research findings, the

conclusions of this study support the aforementioned
hypothesis.

1. Mean PBLa(A) values were greater than mean PBLa(A+L)

valugs.

2. Significant differences (p<0.05) were found between

PBLa(A) and protoco! one PBLa(A+L), but not between
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PBLa(A) and protocol two PBLa(A+L).

Protocol one A+L exercise elicited significantly

&

higher (p<0.03) MVO2 values and significantly lower

( p<0.05) PBLa values than protccol two A+L exercise.

4. No statistically significant correlations were found

between PBLa(A), PBLalA+L) and MVOs.

2. No statistically significant correlations were found
between PBLa(A), PBLa(A+L) and TTT.

AS research to date has always found A exercise PBLa
values to be less than A+L exercise PBLa values, the results
of this study may be attributed to the nature of the
endurance trained subjects studied as well as the protocols
selected. The Canadian National Cross Country Team
represented an upper and lower body endurance trained group
of high aercbic fitness whe were participating in exercise
simulations that closely resembled the manner in which
they reguiarly trained. The incorporation of their highly
oxidative lower body mass in a sports specific A+l
simulation enabled them to maximally produce and oxidize
lactate and lower their PBLa(A+L) values below DPBLa(A)
values,
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2.3. Recommendations:

While these conclusions are unigue they are very specific
to high aerobically trained cross-country skiers and
shouldn't be generalized to all sports that combine arm and
leg exercise. It must be remembered furthermore, that peak
blood lactate is the product of the rate of lactate
production, diffusion and removal. The fingertip samples
used in this study therefore represent net values whose

rmetabolic origin can only be theoretically determined.

If this study is to be duplicated it is recommended that
a larger group of male and female subjects be tested to
establish reliability of results. LI values should be
calculated for only ong A+L protocol and compared over time
so that the usefulness of this relative measurement can be
determined.

The comparison of A+L exercise protocols in this study
reinforce how the degree of sports specificity can influence
physiological responses. Both the nature of the movement
performed, as well as the physiolegical demands of the
sport in conjunction with the individual athlete profiles
must be examined if the relationships between physiological
variables are to be identified. while improving sports
specificity may in the short term decrease generalizability

of results, it is a necessity for long term advancement of



the sport physiology field.
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Phase One Ski Treadm
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Phase Two Ski Treadmill
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Exercises
Kneel on trolley.
Use board for sit-ups

trolley

*Saor & Schier, 1984

The Rollerboard Plan

le—Vertical Support

- | [Sit-up|es Eve -bolt or
Strap Screw hook

'S’- hook

Screw hook

L

S~—_rul Rope

378" coiled nylon

Closed-cell fcam
5/8 Ply
1% 2"

)

«—— fixed Caster Whee

5/8" Waterprocf
L ﬁjwcd.

2"1

4

% 2

Ty
b=

15 |

- Alternate pull-rope pattern:
—rope hooks directly to trolley via

pulleys on support
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RAW THESIS DATA

1.D. GENDER DATE PBLa(A) PBLa{A+L) |MYO2 17
mmol/] mmol/1 1/min minutes

1M 1/5/85 7.65 363 78.5 16.5
1M 1/6/86 9.84 8.64 64.1 28.5
2|M 1/5/85 10.66 6.53 76 24|
Z2|M 1/6/86 11.22 8.6 71.5 21.5]

— 3M /5/85 6.28 9.06| 77.9 22
3iM /6/86 8.38 10.5 65.5 17.5
4M 1/5/85 9.63 8.73 74.9 20}
4iM /6/86 10.98 11.06 64.2 215
SIM /5/85 8.56 5.54 78.2 27
SIM 1/6/86 9.52 12.08 73.2 28
6[M 1/5/85 9.36 8.82 70.2 25
6|M 1/6/86 7.82 10.04 73.9 16
F 1/5/85 9.93 5.54 69.7 20
71F 1/6/86 6.92 8.98 54.9 17.5
8[F 1/5/85 7.53 5.85 68.2 18
8iF /6/86 9.22 5.84| 54.3 20
9lF /5/85 8.74 7.48 60 22
9|F 1/6/86 125 8.74 57 20]
10|M 1/5/85 8.67 8.14 75.4 17
10[M 1/6/86 9.5 10.29 65.5 12]
11{M 1/5/85 10.49 9.23 779 20|
11[M 1/6/86 10.56 8.68 67.9 20.5
12F 1/5/85 7.34 5.56 64.3] - 20.5
_12]F 1/6/86 8.04 8.14 57.7 25|
13[F 1/5/85 7.11 S5.46 63.5 17
13(F 1/6/86 7.76 9.92 56.1 12






