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'CHAPTER 1

INTRODUCTION

'The'primary distance of men's varsity coilegiate swimming
)events is 200 yafds,'yet swimmens are often called upon to conpete
in eventsAwhich’range from 50-1000 yards in length. of importance
to coaches and neeearchere is the duration of these events, since
duraticn is an indicator of whether aerobic onvanaerobic energy
sources are utilized (Coqnsiiman, 1975). ﬁnder maximal effort
conditions, events up ‘to 100 yards'in»length are considered anaerobic
and are“dependent upon high.energy phosphates as the'predcminant
source of energy. Events whicn are cOnsidered'aerobic; i.e., those
over 300 yards in length, utilize oxygen for the combustion of
carbohydrates and fats into energy (Coun311man, 1975; Kedrowskl, 1976).
The 200—yard event which is considered mlddle—dlstance, has been
thought to rely equally on both of these energy systems (Kedrowski,
1976), although Counsilman'(1975)'suggested that tne.anaerobic,system
‘was the dominant source of energy. Specific to this study nas the
200-yard freestyle event, performances for wnich range between 108-114"
sec for successful male colleglate swimmers.

Based on metabolic demands and the rate of energy expenditure -
during swimming, 1eading swim coaches have prescribed various training
methods Wlth the 1ntend of produ01ng physiological changes which may
enhance 200—yard swim performance One method which has recently
gained wide ViSibility is referred to by coaches as hypox1c breathing.

' Hypoxic conditions exist when a diminished supply of oxygen is |



offefed‘to thé tissueévper literfof arterial blood (Astréﬁd é Rodéhl,
1970),‘and auring’swimmingﬁhis ig'presﬁmed to occur as a resulf of
fbreduéed veﬁtilation.v it reaains to be demonStratédbeXperimentally,
however, thatfan éxaggerated.tiSSue hypoxia results from this
véluntary reduced breafhingrfrequency.or.whether compensatony
inéréaSes in thé'regional blood flow.to active areas may éétually: 
act‘tp maintain tissue oxygenation despite the relative reduction in

 ventilation. Counsilman (1975) and Kedrowski (1976) both.suggestedf 

that under hypoxic c¢onditions oxygen supply'is reduced in the tissues;

”ih sﬁpport of this notion, Counsilman (1975) observeaagreatér oxygen “
debt'and'higher blqodvand muscledlactic agid conéentfations in
swimmers ﬁsing hypoxid breathing during submaximalysWimming wheﬁ
compared to bfeathiﬂg:freely under similar sWimming‘coﬁditions.
Héines (1975) suggested that if a swimmer can become acpustomed'to
working uﬁdef hypOxic.conditions the phySiologicai chaﬁges:will

‘ increasé performance. Hé‘further:suggested thaf reduced breathing

- will enhance performance byvenfqrcing a more biomechanically
effidiént body position,'in that with a reduced freéuéncy_of’rotation
L of the head to breathe, thére willbbe less resistance and fewer
hésitafions in the.strbké than if bfeathing were synchrohized with
.each_stroke. The most popuiar hypoxic tfaining:technique isba'
two—stréke’breath;ng pattern (Schubert,‘l§76); and ifs use has been B
preséribéd'for up to half the total wbrkout (Kedrowski, 1976)ﬁ' To
date, the physioldgica1~bioﬁééhanicalchnsequences,Of hypoxic

breathing remain obscure.



Justification of the Study

Due to the prevalence of the 200-yard/200-meter event in

collegiate and Olympic.sﬁimming,-it is:important,to investigafe the
" physiological demands encounfered during an event of this duration.
Also of interest is the use of hypoxic breathing which was
popularizéd by the'published oéinion of 1eéding practitionérs
(Counsilman, 1975; Haines, 1975; Kedroﬁski, 19?6; Schubert, 1976).

Several benefits of hypoxic breathing have been postulated
in the literature by leading coaches. ‘Biomechanically, the body is
‘more sfreaﬁlined when breathing is less frequent due fo the
stabilization of the head;, thorax, and abdomen, which r¢du¢es‘
rotation in‘ﬁhe head and shoulders (Kedrowski, 1976; Neeves &
Brown, 1975; Schubert, 1976). Other findings (Kedrowski, 1976)
indicated that, during‘breathing, the swimmer shortens his pull
resulting in hesitationkiﬁ the arm stroke and a premature release
of the water. Kedrowski further suggested that there are physiological
adaptations to rgduced oxygen and high lactate concentrations
which he cénsidered the main limitations in a ZOO—yard swim. Despite
the lack of'research in these areas coaches are now recommending
the use of hypoxic breatﬁing_not only for the purpose of training,
but during competition (Haines, 1975). Nevertheless, no biomechanical
or physi&ldgicél evidence could be founa to substantiate these
claims, and only one sfudy (Hermansen, 1969) was found on theb
anaerobic energy demands of swimmers during a 200-meter freestyle

swim.



Statement of the Problem

The purpdse of this study was tp determine the eféects of two
breathing pattefné on selected physiological parameters during a
simﬁlated 200-yard freestyle swim in competitive.male adolescent and
young adult swimmers. Specificaily, a comparison ofvoxygen uptake, blood

lactiébacid, ventilation, and theArespiratbry exchaﬁge ratio responses. to
a timed swim were made under the folloﬁing experimental conditions:
Condition 1, associated with relativc tachypnea, wherein the subject was
required to breathe every arm sfrdke; and Condition 2; associated with
'relative hypopnea, wherein the éubject was .required to breathé only on
alternate‘arm strokes, or half as frequéntly.

Null Hypotheses

The following null hypotheées were tested:

1. No significant differences would be observed between oxygen
uptake values'under the two experimental conditions.

2. No significant differences would be observed between blood
lactic acid concentrations under the two experimental conditions.

3. No signifieant differences would be obsefved between the
respiratory exchange ratios under the two experimental conditions.

4. No significaﬁt differences would be observed between

ventilation values under.thebtwo experimental conditions.

Delimitafions
| The following delimitations were imposed:
1. The sample size was limited to 10 male subjects.
2. Selection of participants was restricted to males aged
15-22 years. |

3. Investigation of performance was restricted to the crawl



: strbke.
4. Swimlfiﬁe dufing‘the expefiﬁental>tfials waszllolsec.
5. Wofk ihtensity during the experiﬁental trials was 95% of
wéight displaced‘during ﬁaxiﬁai‘tethered swimmiﬁg tESf}‘ |
Limitations |
Certain limitations were present in the study. During fethered
swimming a headpiece was worn, and the Subject was required to |
maintain visual contact with a diving brick placed on the bottom of'
the pool. Under these conditiohs the ﬁead position was lowered
causing less rotation in the shoulders; Ne&ertheless, there:was total
freedom of ﬁdvement, and ﬁropulsive mechanics were not_alteredr
Assumptioﬁs | | |
The following assumptions were evident in this study:
.l. All‘swimmefs were eqﬁally capable 6f-bréathing under the
conditibns specified in.the study.
2. The tethered swimming apparatus Simulates the'physiologiéal—
biomechanical démandé encountered dﬁring a 200-yard swim.
3.- All subjects performed until exhaustion,'
' Definitions |

1. 602 méx. Thé peak rafe of oxygen consumption for a subject
during magimél intensity éxercise\involving‘the large muscles of the
body. The &02 max calculated in ml/kg‘min_1 exﬁrésses the capacity of
the individual per unit of body mass (Astrand & Rodahl, 1970).

2. Arm Stroke. A compléte léft and right arm-pull in the

swim cycle (Schubert;, 1976).



3. Hypoxic Breathing. A voluntary reduction in respiratory
frequency which is purported to dimiﬁish the sﬁpply'of QXyéen to the
tissues per litgr:of arterial bloéd (Aétrandv& quahl; 1970). |

4. Aerobic Exercise; Exercise under conditions wherein the
oxygen supply .to the muscles is equal to the oxygén demand. During |
aerobic‘exercise pyruvate is oxidized in the Krebs cycle, with the
release of carboh dioxide, water, and energy (Edington & Edgerton, 1977).

5. Anaerobic Exercise. Exercise of short intense duration
wherein the oxygen demand exceedsvthe oxygeh supply, resulting in‘
the accumulation of lactic acid. During anaerobic exercise, the
prédominant metabolic pathway for energy production is glycolytic
(Edington & Edgerton, 1977).

6. Lactic Acid. The by—product‘of anaerobic metabolism which
diffusesvfrom acti§e tissues into blood. Typical blood lactic acid
vélues during a resting.stage range from 3-12 mg/dl_'1 of mixed venous
blood (Sigma, 1976), while values obtained just after heavy exercise may
exceed 100 mg/dl-'1 (Hermansen, 1969).

7. Relative Hypopnea. Abnormal decrease in:depth and fate
of respiration (Dorland, 1968).

8. Relative Tacﬁypnea. Increased frequency of breathing

"(Comroe, 1965).



CHAPTER 2

REVIEW OF LITERATURE

- Recent literature on'thé'physiological péramefers of swimmers
indicated a specific:cardi6Vasquiar adaptatioﬁ‘to‘swim training
(Dixon'& Faulkner, 1971, Magel; Foglia, McArdle; Gufin, Pechar, &
Katch, 1974; Strommé, Inger, & Meen, 197?). Cooper (1967) found.
lower vital capacities and bradycardia in individuals submerged to
neck-ievel in water due to increased pressﬁre on the thoracic cavity;

-~ although other investigators (Ekblom,.Astrand; Saltin, Strenberg, &
Wélistrom, 1968; Falls, 1968; Nomura & Reddan, 1974; Sprague, 1976)
found a reduced vital capacity in subjects exerciéing‘ih a'récumbent
position. Ih addition, researchers have found Water.to directly affect
heat transfer (Costill, 1968; McArdle & Magel, 1976), so‘that.upon
immersion into water the flow ofvbloodninto the skiﬁ for cooling was
reduced, thus enabling more oxygenated blood to ciréulate in the muscles.
Due to these specific ph&sioldgical.éffects of water immersion
and.exefcise in the water; it ié important to assesé the physiologicai
parametefs of swimmers under conditiohé wherein thé Swimmef is perform-
ing in the water. Thiszchapter; therefore, includes é review of
literature on the specific néture of (1) aerobic assessment of swimmérs;
(2) anaerobic assessment of swimmers; (3) respiratory-pulmonary
responses to stressful éwimming; and an additional section, (4) the
- .validity and réliabilitykof capillary blood lactic acid determination,
tb review the literafure on micro—determiﬁation procédﬁres‘of cépillary

blood lactic acid.



The‘cardiorespiratory capacity of swimmers has been measured
during»running‘(Dixon & Faulkner, 1971; Magel &-Faulkner, 1967;‘Magel,
et al., 1974),vbicycling (Cunningham & Enyon, 19F3; Secher & oddershede,
1974), free sw1mm1ng (Magel & Faulkner, 1967 McArdle, Glasser & Magel, "’
-1971), tethered swimming (Magel 8 Faulkner, 1967; Magel, et al., 1974;
Neeves & Brown, 1975), and in the flume (Holmer, 1972) . Although free,
‘ tethered and flume swimming-are biqmechanically‘and phySiologically
specific to swimming, differenees were found to exist between these and
other methods of oxygen uptake aeéessment (DiXon & Faulkner, 1971;
Magel & Faulkner, 1967). Similar oxygen uptake eapaeities were
reported between tethered swimming and treadmill running (Dixon &
Faulkner, 1971; Magel & Faulkner, 1967), while other investigators
reported signifieant‘differences between free swimming and tethered
swimming (Magel & Faulkner, 1967), betWeen cycling and running
(Astrand & Saltin, 1961), and treadmill running and fethered swimming
(Magel, et al.,'l974), It has been stated that the observed
differences in aerobic capaeities during swimming, when that finding
was reported, were perhapevdue to the simulation of swimming under
tethered conditions, aslopposed to free swimming. Neverthelese, Goff,
~Brubach, and Specht (1957) studied swimmers underwater and feund -
differences in body attitude and in the hydrodynamics of tethered
swimming and free swimming and concluded that a direct comparison

between the two forms of exercise was extremely difficult.



Magel and Faulkner (1967) analyzed the differences in oxygen
uptakes of coilege swimmers during freadmill funning, tethered
swimming, and free swimming. They found a modergtelyvhigh positive
correlation (r=.85) betWeeh'the level ofvoxygen uptake capacity.
:obfained during'treadmill running and that for tethered swimming.
‘Additionally, they concluded that maxima1>oxygen uptakes obtained
during free swimming were sighificantly'higher than during tethered
swimming, possibly due to a training effect. Nevertheless, they
found no statistically significant differences with respect to oxygen
extraction, pulmonary ventilation, and respiratory rate during
tethered swimming and those obtained during free swimming. Holmer
(1974) questioned Magel and Faulkner's findings in view of the
observation that their &02 max data measured under tethered conditions
were obtained at a point later in the training season.

Dixon and Faulkner (1971) tested six college trained swimmérs
during both maximal efforts in treadmill running and in tetheréd
swimming, and compared them with recreational swimmers for cardiac
oufpuf° They found that cafdiac output and maximal oxygen uptake
were not significantly‘different in swimming and running;

Magel, et al., k1974), in a more definitive and recent study,
used 30 college-age recreational swimmers to assess aerobic capacities
dﬁring freadmill running and' tethered swimming. They found a
significant difference in aerobic capacities obtained between running
and swimming after a period of swim training, and concluded that there
was a specific éardiorespiratory adaptation to swim training in male

recreational swimmers.
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Anaerobic Assessment of Swimmers

Few studies have analyzed the physiologiqal parameters of
swimmers durihg anaerobic ekercise. Perhaps the most;definitive research
conducted on the anaerobic‘assessment of swimmers was by Secher and
Oddershade (1975). Their subjects consisted of 5 trained and 5
recreational swimmers who wére chosen so that inter-individual differ-
-ences with regard to swimming experience could be represented. - The
subjecté pefformed six to seven 30 sec swims at maximal speed inter-
spersed with 10 sec rest intervalsvin a swimming flume and on a bicycle
ergometer. . The findingS'showed,that‘4 of the 5 swimmers had higher
&0 max for bicycling than for a comparable effort in the flume. They

2
found their results concurred favorably with Magel and Faulkner (1967)

in that.the best swimmers hadeO2 max values of less than 4 l/min-l, and

that oxygen consumption‘in swimming was approximately 15% above running
&Ozlmax.

“Hermansen (1969) tested two national caliber swimmers to determine
the oxygen debt during 100-meter and 200-meter freestyle swims. He foundb
~ oxygen debt to increase as swim speed increased during both 100-meter and
200-meter swims. In addition, he found blood lactate concentrations to

increase throughout a 7 month period of swim -training based on the results:
~of periodic 100-meter swim tests. - A rapid decrease was observed during a
2-month period of no training. Lactic acid values, obtained from a

venous sample, for the trained swimmers ranged from 130 mg/dl_l.ofublood

- at the onset of training to over 160 mg/dl_l of blood at the termination.
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knowlton, Sawka, Miles and Critz_(1978)'measured blood
lactate concentratiéns after 100- andVZOO—yafd competitivé and
non-competitive swims. Blood Sampleé were taken 5 min after the
completion of eéch sWimﬁer'é event, and laétate wasvanalyzed using
~an enzymatic method. B%oo& lactate lévgls fanged between 148 and
:"185 mg/dl’_‘1 of blood‘affer theFZOO—yard cdmbetitive swimming évent,
They concluded that competitive swimmihg requifes a large participation

from anaerobic metabolism.

Reépiratony and Pulmonary Reépénsesbto Stressful Swimmiﬁg
| To date, little research has been conducted on the respiratory

and pulmonary responses to stressful swimming. It has_been shown‘
(Ekblom,11970).that upon immersion intobwater tﬁe combination of bédy
density,‘fﬁnctional residual capacity, and tidal volume provide a
certain degree of buoyancy. Ekblom found bﬁoyanﬁy to be directly
propqrtional to both tidal volume and residual capaéity, and
inversely proportional to body density. | |

Astrand (1952) found that when in a recumbent position total
lung capacity'and vital capacity were reduced 5—10%>dﬁe to a shift of
blood to the thoracic cavityvfrom the lowef,extremities, reducing
venous pooling in the légs and increasiﬁg central circuiation. In
another study on 30 elitébfemale swimmers tAstrand,,IQGS),»he'found‘
pulmonary Qentilation to be 27.5 iiters per liter -of oxygen uptake
during flﬁme swimming. When compared to cycling, pulmonary véntiia—'
‘tion was 35.5 liters per liter of oxygen uptake. He concluded

that the 8% lower maximal oxygen uptake 6bserved during swimming as
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compared to cycling was pefhaps due to a reduction bf the oxygenvten—
sion, thereby reducing oxygen saturation.

Ghesquiere  (1975) studied lung volumes during swimming.
Although,he consideréd 5uoyénoy:t0>blay a felativély minor role in
-competitive swimming, he identified'two factors which affect
g pulmoﬁary énd:respiratéfy.function, Firsf; body attitude must be on
of near the surface of the water. Secbndly, the airways are open‘only
a fraétion of the total timevduﬁing which,musqulaf exertion is |
performed. The.resultant effeétvof these,two factors on pulmonary
" function is‘that'timévfor inhalafioh, which mustvbe above the surface

of the water, is short résulting in a diminished PO, and an augmented.

2
PCO,, since expiration is performed against the resistance of the

water.

The validity and Reliability of Capillary Blood Lactic Acid Determination

Lactic acid production has been’found to be ciosely related
tb the intensity of short exhaustive exercise (Astrand & Saltin,~1961;
Gollnick, Armstrong, Saltin, Saubert, SembroWich, & Shepherd, 1973;
Hermansen, 1969; Hermansen é Stensvold, 1974; Joffeidt,‘1970;
Karléson, 1971; Karlsson 8 Saltih, 1971), and as a result, blood
lactic acid has been uséd widely as an indicatbr of anaérobié
metabolism. Consequently; attempts have been made to establish
Simplified procedures for laétic acid determination (Lundhplm; Mohme-
Lundholm, & Svedmyr, 1963; Stromme, Inger, & Meen, 1977).

ReSgarchers have found methods of ufilizing volumes of .1-1.0 ml of

blood, yet recent research (Harrower & Brown, 1972) has illustrated



. the”use‘of VOlumeS‘of 25-50 pl of blood : This'study folloWed

: procedures outl1ned by the Sigma Chemlcal Company (1976) for the

v.'é use of lOO_pl blood samples

Concern has developed over. the resemblance between caplllary

- blood.lactlc ac1d and muscle lactlc a01d. Karlsson‘and Saltln (1971)5
f;found thathdurlngfshort emhaustive'bicyole‘uork,ta high‘muscle‘lactlc
o acid.concentratlon wasbclosely related to the onset of‘exhaustion,f::‘

In an effort to determine.the resemblance;’Karlsson'(197l) tested |
28 mllltary 1nductees, 13 tra1ned and 15 untra1ned durlng short

. exhaustlve blcycle work.' He found that 1mmed1ately after exer01se }
,1musc1e lactic:acid averaged 190-mg/dl_ of’blood, whlle‘eaplllary

»_ublood averaged 112 5 ‘mg/dl -1 ofiblood After 10 min into recovery

1 “and 126 mg/d1l™ of'blood, respeCtively, and

values were 90 mg/dl
after 30 min muscle and blood lactate‘levels were equal; 'He concluded :
B that the highest bloodblactate concentration refleCted muSCle‘lactate
:concentratlon falrly well after br1ef, single, exhaustlve work\at 90—l1
“:1004 of VO max In an earller study (Karlsson, 1970), he'reportedf
“similar rises innlactateFCOncentration of both‘blood:andlmusole“
4‘1actate during submaximal‘morkvlaSting 15 miﬁ’ér morehon alhicyole._
ergometer | | | ‘”
A s1m11ar‘study was conducted by Dlament ‘Karlsson, and -
Saltln (1968) They tested four phyS1cal educatlon students on the‘
o blcycle ergometer .Data from muscle b10ps1es taken 1mmed1ately after
3 min of exhaustive'exerclsevrevealed that«muscle tlssue;andrblood

. lactate values were markedly dlfferent Muscle'lactate averaged

over 200_mg/dl l, whlle caplllary samples averaged 112 5 mg/dl
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Their findings concur with Karlsson's in that lactié acid samples
were»si@ilar after a 10 miﬁ recovery'periéd..

In view of the results by Karisson (i970), Lundhdlm, Mohme- -
Lundholm, and Svedmyr‘klgﬁs) suggest that the finger.tipfmethod 6f'.
bioodvsampling:is thé‘mésf préétical, since éther'methbds require
- training. Harrower and Brown (1972),_howévef, cautionedrfhat thié
method was é%tfemely:proné'to contaminatibn from fhe ehvi£onm¢nt énd ,
from tissue fluid being squeezed into the blood sample. Nevertheless,
' Knuttgen (1962) fouﬁd that by éraspiné thévfiﬁgér'at its proximél end
~and squeezing ouf distally, arterial biood could bé collected in an
~ average time of less than 9 sec, and therefore be'relatively free
fromvfurther.lactate metabolism and,skin‘contactlcontaminationf

Réseérch on the'ﬁetabolism of lactic acid after exercise is
~unclear. Several investigations héve indicated that post-exercise
1éctic aéid ieveis incfease for 4-5 miﬁ into recovery (Hefmansen &
| Stensvdld, 1972; Knuttgen, 1962; Margaria, Cerfetalli; DiPrampero,’
»Massari, & Torelli, 1963; Prampero; Peeters, & Margéria, 1973); althoughv

in one study, it.was found'iaétatebincréased until'lb,min into recovery
(Diaﬁent; et al.; 1968). | |
Summary '

| "“ihe literature pointed to the importance of assessment of"
maximal bxygén uptake of swimmers utiiizing’an‘apparatus to assess
not only the spécific.physiological changes encountered upon watef
vimmersioﬁ and lying in a recumbent pésition, but aléo the special‘
iocélized changes brought about'by swim training. Of"the‘apparatué :

mentioned, to account for these variables (i.e., the tethered
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sw1mm1ng dev1ce, the free sw1mm1ng technique, and the. flume), it was:
1 apparent that tethered and free sw1mm1ng could be expected to y1e1d
- 31m11ar results and were the preferred apparatus 1n terms and practlcallty.
Blood lactlc a01d levels were found to be closely related to
muscle lactic acid levels, and therefore a v;able'method of determining
anaerobic metaboldem."dﬁffio;ent ﬁethods of blood 1actic acid determina-
,tion were.found usingﬂcapillary blood eamplee requiringaas'little as>25
'-ul of blood S o |
Lastly, 1t has been found that a per10d of 4-5 min 1nto the
recovery perlod after exerc1se was needed to allow lactlc acid levels ‘

to peak in the'blood.



CHAPTER 3

METHODOLOGY.

The methods and techniques utiliéed throﬁghouf this investiga-
tion are presented in eight éections. The firsf section deals with a
piiot investigation'concerning the validity of capillary blood samples
for the use of blood lactic acid aetefmination. The.second'section identifieé
subjects used in this study; indludihg a pfesentation-of data for anthropo-
metric and physiologic.claSSificdtion. Section three describes the main ap-
paratus used to obtain all.physiological data. The fourth Section des-
cribes the purpose.and method of the Preliminarvaest. The fifth sectipn
provides the'description of and criterion for acceptance‘of the‘dependenf
variables obsérved in the Preliminar& Test, and illustrates their use in
the experimental phaée of,the.study;v Section six_explains the methodo—v
logy for the Experimentai Tests, wherein the two breathing patterns were
utilized. ‘Section seven outlines the méasurement techniques used in the
Preliminary Test and experimental triais, while sectionveight presents

the data analysis procedure.

Validatioﬁ of Capillary Blood Lactic Acid Pfocedure‘

Prior to the expérimental phase of the. study, a pilot investiga-
tion was conducted to determine the validity of capillary blood samples
for use in the determination of blood lactic acid. Nine physically
active college age men and women not participating in the experimental
phase‘of the study were recruited for this proéedure° Each subject sﬁam
a maximal effort Zobﬁyard freestyle sprint, after which one‘of'their

hands was soaked in hot water for a period while they rested in a

16
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seated position near the ﬁool deck. At 230 sec, when.lactic‘acid has
) peaked (Knuttgen, 1962), simultaﬁéous blood samples were drawn by a
registered nurse using a syringe and 22 gauge needle at the énteoﬁbital
Vein; and by the investigafor.using a‘lance at the finger tip.~ Biood
spécimens from both sites were then céllected in identical 100 ul glass
| Corning Disposible Microliter Pipets and later analyzed for lactic acid
content. Values 6btained fof the two mefhods are presented in Table 1
and Appendix A. |
The mean venous value wés found tofbe‘higher‘than_thé mean
capillary value, however, the individuai data in Appendix A indicates
that only 5 of 9 Qenoﬁs values weré higher than their regpective capillary
samples. in addition, the méan venous Qaluéé had a lower standard deviaé
tion indicatihg-that capillary éamplés have a greater degree of Qariation' :
for bdth.low and high values. |
Ih Figure 1, a éimple linear régression eqqation to describe

the aséociation of the two lactate distribufions is presented. It is
apparent'that a linear'relationship exists between the two samples (p=
.93). The'coefficienf of detérmination wasvcalculated:to be .86 which -
indicates a high degree of'reproducibility. Tt was concluded that
- capillary samples as éollécted in the pilot»ihVestigation‘are valid for.
the use of micfodetermination of blodd lactic'écidf |
Subjects

| The subjects used in the experimental phase ofvthis in?estigaf
tion were 10 male competitive swimmers from Virginia Polytechnic Institute
and State University and surrounding communities.  They ranged in age

from 15-22 years. Each was required to meet the following criteria to
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TABLE ‘1

Comparison of Post-Exercise Lactic Acid Values
Collected Simultaneously from Caplllary and Venous
Blood Samples

Capillary Value Venoﬁs value
mg/dl-lz _ ’ mg/dl_l
Mean Value 98.4 100.7
SsD ' - 37l 28.7
Range o - 48-180- ' 60-164

9 9
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quaiify for participation in this study;
1. t;ained competitiveiy for more than 3 years;
2. trained more than'Z0,000 yards'pér Wéek for the 6 month
,period‘prece&ing this iﬁvestigation, .
| -3. sWum‘a timed.2001yard competitive freestyle swim in 114 sec
-or less within 2 months of the investigatioh; and |

4. tfaineavwith no requiremenfs made on breathing pattern.
(However, the preferred breathing pattern éf each swimmer in item 4 was
to have been only to the left or only to the right.)

All subjects were reéuired to sign an informed c¢onsent form
prior to the test which contained information as to'the.nature of the
test; variableé fo'be measured, risks to the éﬁbject, and benefits
expected. Both verbal aﬁd Qritten consent were obtained, and subjects
vwere free to withdraw,from participation at aﬁy time (seé Appendixes
B and C).

Tableiz and Appendix D contain data on the subjects' éharac—
teristics. The mean age of the subjects was 19.3 yeafs, their mean
height, weight, and best performance times were 176;3:cm, 77.9 kg, and
111.9 sec, fespectivély. As can be éeeﬁ in Appendix.E, the subjects in
this study were similar fb compefitiVe}swimmers used in comparable

~investigations.

Tethered Swimming Appafatus
A tethefed sﬁimming appafanS.waé'used-throughout all‘phases of

this study, with the exéeption of theipilot investigation. It was

i designed and'utilized‘according to procedures butlined by Costill (1966),

and Magel and Faulkner (1967).‘ Upon entering the water, a belt was
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TABLE 2

Physical and Maximal Performance
Characteristics of Subjects

Measure - o _ ' Mean  SD
Age (yr) | . | 15.3 il.90
Height (cm) | o o o 176.3  5.15
Weight (kg) - - N 77.9 8.51
Mean 200-Yard Swim Perférmance (sec) . | . ill.9 2.21
&02max (ml/kg'min_l) | . ; ' ‘ 51.6 7.30
| &ozmax (1/min™t) | “ | o | | 3.9 0.40

Peak Blood Lactic Acid (mg/dl_l)- .  119 12
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‘placed around the waist bf the subject. Attached to‘the belt were two
nylon ropes which extended beyond the sﬁbject's feet and were fiked tov
the ends of a 1 in - wooden dowel. Connected to the middle of the :dowel
was a nylon main rope which wés threaded through two pulleys and iinked
to a weighted resistance. The apparatus was mounted on the pool deck
adjacent to the pool.

Preliminary Test

The purpose of the Preliminary Test was fo obtain maximal
physiological values for classification of the subjects and to determine
the extent to which the experimental trials inducé maximal conditions..
In addition, the maxiﬁal workload attained was used to prescribe the‘
workload at which the subject would swim during the experimental trials.

Each subject was given two practice trials on the tethered
swimming apparatus to reduée the chance of systematic variation in per-
formance due to learning of tasks. The practice trials consisted of
two 3-min swims at individually prescribed workload intensities.

The Preliminary Test consisted of a maximal intermittant
tethered swimming trial to determine maximal parametefs for each experi-
mental subject. A seriesvof 3-min workloads were interposed with 3-min
reSf’intervals.‘ Workiéadvincrements were increased by‘multipléé of 2.5
lbs and work was continued ﬁntil voluntary exhaustion.

| After entering the water and being fitted to the equipment, the
subject was asked t0 swim §evera1 strokes of breastroke to locate a
diving brick used to mark the prqber éosition tovbe maintained by the
swimmer. vAt:this time, an initial stress was placed on the tethered
swimming apparatus to eliminate any excessive force acting on the

swimmer or the apparatus.‘ The test began with the subject swimming the
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frontvcrawif rﬁﬁfing>thé rest'periods befweén wbrkloadé; ;wimﬁers were::

reminded to'perfofm‘ma%imaliy.';SWiﬁmiﬂg‘was condﬁcfedvdﬁdér,teﬁhéf¢d ’ﬁ ﬂ
condifions‘aeécribedjcaflier in thié.chépter;:during.whichxmeasuféévwéfe }j
obtained on the dependent vafiables oﬁ‘Qxygénvuﬁtake, vénfiléfion, and.’ 
‘ ’reépiratory exchange ratio'?nd~§ost:ekéfci5e bldodilactié acid. Eachvtést B
‘was terminated'accofding.to thé”sﬁbject'é,perCepfioh of:Vbluntary ek— :
haustion as indicétea;by his feelings of naqsea,udizzin¢ss‘and othér |
fatigue‘symptoms. h | | | |

Description of and Criteria fdrzAcceptance Of‘Dependeht”Measures

o Speéifig physiologicai variébies weré‘dbsePVed éndvrecorded
throughout all expérimental teéfing‘in thiS investigation. The variabies
of bxygen uptake,;veﬁtilation; éﬁd respiratory eichangé ratio were
- recorded during each tethered éwimming test, ‘Peak-post;exerCise biood

samples were obtained at 230 and 290 sec intervals into recovery.

Oxygen Ubtéke

| Oxygen uﬁﬁake values were:deferminedvdﬁring'the final minufe of

- each workioad during.the.preliminaryxtesf, and.during the final 60 sec of
each 110 secvexﬁerimental trial. The value was coﬁputed using expired air
samﬁles which‘we;e analyied fof»gaé éontént,‘and minute &entiiatibn whiéh
wasvobtained by a Qentilation mgtervon'the‘pool deck. The value for each

L test>was accepted, providihé_thé‘sWiﬁmer‘aiéplaced fhe apbropfiate weight
by maintaining proper pdsition over the divingbbrick for the alloted time.

,Pulmonéry Dynamics

Pulmonary ventilation, respiratory frequency (f) and tidal

volume (Vt) values were also determined in'connéction with the VO,

procedure during each tethered'swimming test. Data from trials were

accepted unless the swimmer failed to use the proper réspiratory
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‘frequency for more than two consecutive cycles or any four cycles.

To verify that subjects used the requested ventilatory pattern, two
technicians observed and recorded the breathing frequency as well as
the number of stroke cycles, respectively, during the final 60 sec of
each trial. Respiratory Qxchange ratio was calculated from the QOZ
data.

Blood Lactic Acid

Blood lactic acid samples were collected at 230 and 290 sec
féllowing the experimenfal trials; under the assumption‘that peak
values would be obtained therein (Knuttgen, 1962). Data from the trial
were considered valid if the measured lactic values differed by no mdre
than lo%lof each other. If values differed by more than 10%, the trial
was then repeated within one week of the rejected trial.

Experimental Tests

After the Preliminary Test was concluded, the experimental
phase of the study was conducted. The experimental tests consisted of
four simﬁlated 200-yard freestyle sprint swims each administered in
individual trials on four separate days. ‘Subjects ﬁere required to
swim two trials ﬁsing Experimental Condition 1 (Ecla’ EClb)’ which was
associated with relativé tachypnea, wherein the’subjecf'was required
to breathe every stroke. The'remaining two trials were conducted under
Condition ZI(ECZa, ECZb)’ which was associéted with relative hypopnea,
wherein the swimmer breathed every alternate afm stroke. Breathing
patterns wére randomly assigned to eéch subject. |

In each of the four experimental trials the subject swam under
tethered conditions for 110 sec. - The selected time interval fér swim-

‘ming was establiéhed»to approximate '"AAA" time standards chosen by the
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Amateur Athletic Union (1978) for the 200-yard freestyle for the
approximate age of the participants utilized in this study and, as such,
is a practical criterion for success in competitive swimming. - To induce
near maximal‘effort, and thus approximate the effort of a competitive
‘swim, 95% (+ 2.5 1bs) of the weight displaced during the Preliminary °
Test was attached to the tethered swimming apparatus during the experi-
mental trials. ﬁxpired air samples, ventilation data, and oxygen .uptake
‘samples were collected during the final 60 sec of each 110 sec swim
triél, and blood lactic acid samples were obtained at intervals of

230 and 290 sec into reéovery.

Laboratory Measurement Techniques

The measures obtained during the preliminary and experimental
trials were analyzed according to specific procedures. Expired air and
ventilation were collected and measured using gas analysis pfocedures
as outliﬁed by Costill (1966). Blood samples were collected and lactic
acid concentration was determined using blood lactic procedures as
outlined by Sigma Chemical (1976).

Gas Analysis Procedure

Prior to each teét, the subject was fitfed with a plexiglass
headpiece éontaining a Wilmore—Costill breathiﬁg vaive which, in turn,
was fitted with a rubber mouthpieée. Attachedlfo this apparatus. were
two 1% inch diameter Warren-Collins flexible hoses Which carried in-
spired and expiredvair to and from the Breathing Qalve. The hoses were
suspended directly over the swimmér's head using a metal rod fo keep
them from impeding the swimmer's stroke.

During both the preliminary and experimental trials, minute

'ventllat}on (VeSTPD

) was measured from inspired air flow data obtained
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~using a ParkinsonQCowen,CDf4'bry Gas meter. Expired“gas.Was coliected
in 120 liter meterologieal balloOneLand subsequently analyzed for eky4
gen and carbon dioXide'eonfent on Beckman OM-11 (02) and LB—Z‘(COZ)“
‘automatic electronio reébrrafory-gas aﬁalyzers. Gas analyaers were
calibrated prior'to.and periodically throughout gas analyses. The Ve
values were eorrected fqr atmospheric conditions and‘standard tempera—
ture and pressure through calculatiens‘based onrmeasurements of air

- temperature (OC),:barometric.pressure‘(mmHg)_and water vapor pressure in
air (mmHg)‘which.were taken in the test area.

Blood Lactic Acid Procedures

At 230 sec following the termlnatlon of each experlmental
swim test a blood sample was collected for micro-determination of
whole blood lactic acid. Blood samples were drawn from a pre-warmed
bfinger tip in 100 .l calibrated Corning Disposable Microliter Pipefs;
. The blood was immediately fransferred to a centrifuge tube containing
l,i ml of an 8%.perchleric acid solution and mixed thoroughly to prohibit
' conversion'of'lactate to pyruVate.v The conteats were then refrigeratedv
until lactic a01d determlnatlon could be made (Appendix F). bUnder re-
’frlgeratlon specimens treated in this manner are stable for a period of.
1 ‘week (Sigma, 1976) .

At the end of each test day all blood samples were centrlfuged
in a Daﬁon International Model HN-S Centrlfuge for 10 min at 3000 rpm
to precipitate blood proteln from the 1actate contalnlng supernatent
The clear supernatent ‘was then transferred into v1als contalnlng nico-
tinamide adenine dinucleotide (NAD) and'dlluted with glycerine buffer,

lactate dehydrogenase, and water (Sigma, 1976). After a thorOugh mixing,
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all samples and standards were incugétéd‘for SO:mig“at‘37OC in a Thomas
Constant Temperature Water Bath.:’Stéhdards and ﬁﬁknowhs were then réad
~on the HitachivModel 102 Digital Spééﬁrqphotometef'at‘340'nonometéfs 
o) , . ,‘ - : | S v |
The spectrophbtometer was cglibréted'eéch day'just.prior to"the
analyses. ' The standérdtcurve used in {he‘pfesentrsfudy éhdvderived-fromi-v
the Hitachi Specfrophéfometer is in Appéndix G. Fdr;calibration, blankér
 and‘sténdards wiﬁh'knOWn.lactéte chcehtrétiéns webe preﬁared‘by
 1diluting a 40% ia¢tic acid diluted standard wi£h Wa£ér,;ahd,5y mixing
| NAD vials with glycériné bufféf, léétaté dehydfogenase, éhd water
(Sigma, 1976). After calibrétion; exﬁeri@ehtal‘samples;ﬁ¢f¢ méasuredj '
spectfophotomefrically'for,1aotate'édntent.': P

Data Analysis ProCedures:

Within Conditioné'
To determine the degree of repfdducibiiity within each expefiéf_
mental condition (e.g., EC EC

L EClb’ Eczb) Pearson product—momentv

correlations were computed for oxygen uptake;~respiratory eXchangef'

2a’

ratio, ventiiétion; and blbod;iactic écid.fwithin eaéh condition, analyses

were also conducted for strdkefahd'breath frequency.

. ﬂsgtWeen:Conditiohs
~ To determine if phyéiological responSes between Experimental
Condition 1 an&LZ'Wefe significaﬁ£1y>différént (p'g:.OS) Hotelling'é 22

for paired samples was used (Senter, 1969). Through this procedure, the -

~ values for VOZ’ A , and blood lactic acid were usedito generate a

YesTPD

single response score which represented the linear éombinationlof the
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variables. If significant Hotelling's % were observed then simultan-
eous confidence intervals were established to determine which dependent

variables differed across breathing methods.

Summa Y

In suﬁmary, a pilot invesfigatioﬁ was employed prior to the
experimental phase of the investigation tovdetefmine the validity of
capillary blood samples for the use of miCro-determinatioh of blood
lactic acid. It‘was concluded that cépillary blood samples as obtained
in the pilot investigation were valid for blood lactic acid determina-—
tion and therefore were used in this study. | |
~~ Ten male subjécts participated in the experimental phasé of
this investigétion and met specific criteria . for pérticipation} All
testing was conducted using a tethered swimmiﬁg apparatus.

A Preliminary Test was émployed to obtain the maximal phy-
siological parameters of all subjects, and to presoribe the workload
used for the experiméntal trials. Thé dependen£ variables meésured
includéd oxygen uptake,»ventilgtibn, respiratory exchange ratio, and
‘blood 1actid'aéid. 'dritériav wére.eétabiished»for tﬁeir acceptance.
When swim trials were rejected due to criteria  failure, an identical
tfiéllﬁés COnductedJWithin one week. - :

After the Preliminény.Test was'cqmplétéd,‘theiéxpériméntal
trials wére cohducted, tbfdetermihé’thé effecfsfof”two bfeathing  '
~ patterns on selecteavphysioiogical regponses to a simulated ZOO—yafd
freestyle swim. Forvthe asséésménf of the:oxygén ﬁptaké;‘ventilation,
respiratory exdhénge ratio, and:bloog lactié écid, ggs!analysis an@.

blood lactic acid procedures were'followed.
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Data?analysis prqcédures consisted of ‘Pearson produét—moment
cbrfelation to‘determine the degree of fepfoducibility withinléxperi—'
mental conditions. Multivariate analyses were used to determine if
signifiéant changes oceurred.in the ébserved phySiologiCél respoqsés és

a result of two breathing‘COnditions.



CHAPTER 4

RESULTS AND DISCUSSION

The results of this'étudylhavé been Orgahize& inﬁo three
sectidns for the following preséntation. in the first section, relia-
.bility‘estimates and limits of reproducibility for‘each of the dependent
variables within each breathing condition are presented. The second
seétion pertains to the results of the Hotelling's 22 analysis for thé
»differénces between the two éxperimental conditions. The third section
contains a discussion on performance and tréining implications.
Individual data for subjects on each dependent measﬁre within both

conditions are presented in Appendixes H and I.:

‘Reprodﬁoibility Withih Bregthing,Conditions
| The mean and intra-condition reliability éstimate.for the
‘ dependent Qariables measured within each experimental trial are
presented in Table 3. Oxygen upfake; ventilation, and blood lactic
acid were found té have reliabiiity coefficiénts of .81 or higher in
both Condition liand 2. The respiratory exchange'rétio was found to be
reliable uﬁder'cbhdition 1 (£=:91i, however, ﬁnder Condition 2, un-
acceptable limits were observéd (£=;39)f The unacceptable reliability
estimate fdfvfhe respiratory ékchange ratio may have been thé:résult of
one"subject's;values which;varied substantially from the values ob-
fained from the qther‘subjects_(éee Appendix ﬁ, subject 4). All
reliabiiity coefficients were Jjudged acceptable providing the r
value was significantly different from dnés at the .05 level of

probability.
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TABLE 3

‘Mean Standard Deviationv?nd Reliability Coefficient for Dependent Variables Under Condition 1 and 2

Condition 1 ' I Condition 2
Measure. - ' ' ‘

o s, s om o osoT, s

vo, (/min™h - 337 .32 3.6 .31 .8l 272 .34 2,74 .31 .82

Vo, (ml/kg'min™")  43.90 4.16 44.48 4.46 .91  35.35 6.18 35.74 4.74 93,

’Respiratory.Exchange Rgtio 1.06 .12 11.63 .13 .91 .99 .11 1.06° A3 .39

Vv

CH. (1/min™}).  91.51 8.75 90.33 9.83 .85  59.75 9.86 60.40 . 7.82 .81

‘Blood Lactic Acid (mg/d1™') 89 ~ 10.32 86  8.25 .95, 68  1l.6l 71 10.36 .89

a N

'reliabilityfcoefficiént as determined by Pearson product-moment correlatibn,

o
Il

significanﬁ at .0l level. ‘ R SR o "' - I -

18
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Condition .1

Under Condition 1, each subject was required té breathe every
left or right arm stroke during two 110 sec trialé of simulated 2001yard
freestyle swimming. To estimate test feliability; the Pearson product-
momeﬁt correlation technique was cmp1oyed on £he dependent variables of -
oxygen uptake, réspiratory eXChange-rat;o,‘vehtilation and blood lactic
acid in trial 1 and 2 (Senter, 1969). .Values for individual data‘ini
Condition 1 are in Appendix‘I. |

vo

(l/min_l). The VO (

9 .l/min_l) values observed in Condition

2

1, where the subjects performed under relative'tachpnéa, were found. to
be reliable (r=.8l, p < .01). The coefficient of determination
indicated a substantial degree of reproduéibility (f?=.66).

vo, (ml/kg'minél). The vo,, (ml/kg'min_l) was found to be

reliable (r=.91; B<.Ol), and -as indicated by the coefficient of deter-
mination (£2=.83), highly reproducible. When compared to the value
obtaihed‘for VO2 (l/min_l), it is evident that the VO2 (ml/kg'min_l)‘

5 (l/min_l).v

" measured during swimming was a more reliable measure than &O
The implicationS“ofvfhisvfinéiﬁg;snggest fhét.ihfterﬁs of reproduci-
bility,_the QOZ (ml/kg'min—l) is a more stableparameﬁer than%Oz (r/
miﬁfl). . Therefore, the ;bé_(ﬁi/kgfﬁin_l) may,bebcongidéred the more
useful descriptor of aer&bic metabéliém during a bstreééful 200—yard

freestyle swimming.

Respiratory Exchange Ratio. The reliability coefficient for

the respiratory exchange ratio was calculated to be .91 (p<.01l), with a-
coefficient of determination of .83. These values indicated that the

respiratory exchange‘ratio was highly reproducible.
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Ventilation. The reliability coefficient for ventilation was
.85'(3<.01), and the coefficiént of determination was computed to be
.72, Ventilation, therefore, was éonsidered to have a substantiél degree
of reproducibility. | |

Blood Lactic Acid. Blood lactic acid values were found to be

highly reliable (r=.95; B<.dl). The coefficient of determination
indicated that 90% = of the'variatidn coul& be accounted for by
tﬂé measurement teqhniqﬁe.

Condition 2

Under Cbndition 2, wherein the subject was reéuired to swim

breathing on alternate arm cycles only, two 110 secvtrigls of simulated
200—yard7freeétyle swimming were performgd to determine the réliability
estimates for the same depéﬁdent variables measured in Condition l; ‘To |
obtain the reliability_estimates; Pearson product-moment correlation was
employed. Individual data for Conditioh_zbare in Appendix H.

Vo, (1/min"Y). The reliability coefficient for VO, (1/min" %)

was .81 (p<.0l), with a coefficient of determination of .67. It is
evident that“VO2 (l/min_l) was a reliable measure, evidencing the same
level of reproducibility seen in Condition 1.

&02 (ml/kg'hin—l). The réliability coefficient for VOZ’(ml/

kg'min—l) was .93 (25;01), with a coefficient of determinatidﬁ of .86.
This measure was'therefore considered to be highlyrreproducible. It is
also evident that the Vo, (ml/kg'min—l) was a more stable variable than

vo, (l/min-l) under Condition 2.

Respiratory Exchange Ratio. The réliability coefficient of

the respiratory exchange ratio was calculated to be .39 which falls well
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below the accéptable limitS'of‘reliability.. The values of one subject,
which Qaried substantially from the vaiues'observed in other subjects,
may have chtributed to the instability df this variable under this
condi%ion (Appendix H, subject 4). However, subsequent calculation of
the Pearson product—moment cqfrelatioh, without the subject's values
still indicated a low aegree of repfoduoibility (r=.60; £2=.36),
Theretore, to maintaiﬁ{fhe integrity of this investigation, the
, respiratory exchénge ratio was excluded ffom further analyses.
Ventilation. The reliability coefficient for ventilation was
.81 (p<.0l), with a coefficient of detérmination of .66. These findings
indicate that ventilationvhad substantial limits of‘repfoducibility.'

Blood lactic acid. The reliability coefficient for blood

lactic acid was .89 (p<.0l) with a‘coefficient of determination of .79.
These values indicate that blood lactic acid was a highly reliable

measure within this condition.

In summary, the variables of oxygen uptake, blood lactic acid,
and ventilation within Condition 1:and 2 were highly reproducible.
Under Condition 1, the respirator&kexéhange_ratio was also found to

be reliable (r=.91), however, under Condition 2 the variable was found

to be unstable (£=.39). The unacceptable respiratory ékéhangé ratio may
have been largely affected by the results of one subject,>whose inter-
trial values differed between theatrials to a larger extent than the

other subjects.

Comparison of Experimental Breathing-Swimming Conditions

The major purpose of this study was to determine the effects

of two breathing patterns on selected physiological responses dﬁring a
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simulated ZOQﬁyard swim. “Two experimehtai bfeathihg patterns were used

. in this invesfigation, and all Swimmefs pafticipated'in:each'experi—

mental trial. :
Hoteliing's-Z? for dependentvVariabies'(Kramer; 1972) wae"

employed to assess fhe siénificance of any observed differences on the

,1ihear'eombinatien of &Oé; QeSTPD; and bloodllaetie acid between |

- Experimental Cohditions 1 and 2. This enalysis,iﬂdicafed‘

- that there was a signifieant difference between‘the“two experimental

conditions (I?=47;68; p <01). Therefore, siﬁultaneousAconfidence

intervals were calculated between the means of the physiological vari-  _..v:

-ables for.each conditioh to determine wﬁich of the Varigbles contributed
to the signifieantvdifferehce. If the simultaneous confidence intervals
‘did not span fhe peint zero, then theedifference between the mean'of‘
Condition 1 and 2 was statistically signifieant}(g<.05). If the

| _intervals did span theepoint Zero, ﬁhen this ihdicated that the ob-
served_difference was ﬁot.StatiSticéily signifieant;  As can be seen v
from Table 4, the,calculatedvsimﬁltdneous confidenee intéf&ale in&icated
a eignifican£-&ifferehcevBetween:fhe meéns:efiegcﬁ?dependent VariéBle
(i-e',vQXYgéniuptake;vbloed 1aetie»acid,‘andvventilatien); |

Vo, (1/min”)

As indicated in Table 4, a,eignificant difference was observed
. between the meaﬂs 6?'%62'(1/mih;1) inweeéh:éehdition. The‘diffefence,
which amounted to ;67A1/minfl, may be attributed te the'Breathing
petterh asSoeiated'with each condition. Duriﬁg the'relative tachypnea

_asseciated with Condition 1, biomechanical aﬁd physioldgicalkfactors may



TABLE 4

Combined Mean and Standard Deviation for
Each Experimental Condition, and Simultaneous Confidence
~Intervals for VOZ. Veqrpp? and Blood Lactic Acid

For Each Condition

Condition 1 - condition 2

confidence

Difference Intervals
Mean »§E_ 7 Mean §2_ )
&02 (1/min"Y) 0 3.43 .30 2;73 .31 *0.67 (+.077, +.33§)
_&02 (ml/kg'min'l) J44.19 422 35.52 5.35 | %8.67 (+1.20, +5.22)
Veron (1/min"1) | 90.92 9.99 60.25  8.42 *30.67 (+2.02;>+8.80)
Blood Lactic'Aoid (mg/&i—l) 87 9 69 10 *17

- (+2.47, +10.77)

*(E <.05)

og
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have accounted for the‘increased toé'observed,invthis condition. ‘Bio—
- mechanically, the relativetachypheaduring swimming.would increase the‘
frequency of rotary movements of the'head, legs,{and torso, resulting
» in'modificatiOns in body attitude.' ﬁay (1973) saggests that if the.head;'
trunk, or legs deviate from the straight line direction in which theSWim-
mer is mov1ng,the effectlve cross—sectlonal area of the body is 1ncreased
resulting in increased form drag. Further he suggests that the more
numerOus‘hesitations required for breathlng may have,led to increased
- leg and hip'movehent to‘counteract the rotary movement of the body.r To
account for the increased resistanee incurred by the rotary movements
of the body, a larger musole mass may hare'been engageq, or more work'
may have‘beenbprodueed by the same muscles.g In this connection; Cureton
(1930) demonstrated'that7swim speed was ihversely proportionai to the
number of’ breaths taken (i.e. ,'sw1m speed increases when fewer breaths
are taken). Karpov1ch (1933) reported that turnlng the head for breath—’
ing increased the res1stance during sw1mm1ng, thus reducing swim
speed " Thus 1t is ev1dent that the 1ncreased mechanlcal work requlred
to compensate for.the re81stance rnourred by the 1ncreased frequency of
breathlng in Condltlon 1 would be reflected in the VO |
bi It is. also pos31ble that phys1ologlca1 factors affected the VO .
Ghesquire (1975), who considered buoyancy to play a minor role in
sw1mm1ng; 1dent1f1ed body attitude and breathlng ‘time as factors whlch
'affect_pulmonary and»resplratory‘functlon. Dur;ng the relatlve tachypnea,
~of swimming,‘the tiﬁe for inhalation:may be shortened resulting in an
altered,composition of pulmonary gases, UnderFCOnditioh 1, wherein a

relative tachypneawas imposed; a reduced time for breathihg may have
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lowered alvéolar sz. In turn, a lowered alveolar poz may have
necessitated an increased ventilation (as compared to Condition 2) to
maintain full 02 saturation of bléod hemoglobin. Although these circﬁm-
stances are based on speculation, they may have resuited in increased
metabolic aemand of the respiratory muscles, thus partially contributing
‘to the elevated metabolic demands in Condition 1 (i.e., increased 902,
and increased blood lactate). The biomechanical and physiological
evidence from earlier studies cited above suggests that the observed
difference in 002 (l/min-l) in each condition was the result of the

increased breathing frequency required under Condition'1.

- Vo, (mL/kg'min—l).

The difference between the means of 002 (ml/kg’min—l) iﬁ Condi-
tions 1 and 2 were significant (2<.01). A factor which may have affected
the QOZ value is the influence of water immersion on body density and the
resultapt effects of buoyancy on each subject. Since the amount of body -
" fat and the distribution of fat around the Body varies among subjects,
Goff, et al. (1957),suggested that the 602 (ml/kgimin-l) may not be a more
déscriptiyé variable than 002 (l/min-l) in.asseésing the metabolic demands
incurred}duriﬁg-éwimﬁing.: Wheﬂ’éwimming, the relative fat content would
alter body atfitﬁdé‘creating changes in form resistance and metabolic
‘reQuiremenfs. AS é résult;ﬁcofﬁ ét ai; I1957);co§61ud¢d.ﬁhafvsinée_an
unknown buoyant weight was actually being pulied during swimmiﬁg, the
&02 (ml/kg'min-l{,did not reflect the oxyggn consumptiﬁn capacity of the
individﬁﬁi per unit éf‘true body masé. fn Qiew of.this observation,
it may be argued‘that the &02 (ml/kg’min_l) does not accurately
éssess the metabolic demands during swimming. Neverthelesé, the
602 (ml/kgfmin—l) values reéorted in this study were dbServed

to be more stable in repeated trials: under the same
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- experimental condition than the voz (l/min—l). In view of the absence
of experimental data in the Goff;et'al, (1957) study, and the stability
~of the v02 (ml/kg'min—l) value observed in this study;'the vbz (ml/kg”
min—l)-was considered to be a better descriptor of the metabolio demands
required dnring’éwimming. | |

| ‘ Ventilationl

The mean difference for the vafiable of ventilation was found to

be statistically significant (p<.05). Ventilation, the product of
respiratory freqnency and tidal volume, may have been altered by either
one of these parameters. As indicated in Table 5, the observed differ—
tenoe in the ventilation value in Conditions 1 and 2 amounted to 30.7
l/min;l. A poesible factor contributing to the increased'ventifation

in Condition 1 may have been the respiratory frequency. As illustrated
in Table 5 and‘AppendixAK, the respiratory frequency in Condition 1
almost doubled the respiratory frequency in Condition 2. However, it is
also possible that the tidal volume‘affected tne:meané'of ventilation

/
between conditions. Subsequent calculations of the tidal volume (V

i)

indicated that.under Condition.l an average of 3.1 liters of air were
inspired per breath.”while under Condition 2, an average of 3.6 liters of
air were 1nsp1red per breath The relative hypOpnea ass001ated with
Condition 2 may have induced the ‘subjects to augment the total alveolar
oxygen per breath. by increasing the tidal volume.

The difference may.alsovbe attributed to a greater musole mass
required to maintain pulmonary gas exchange under the relative tachypnea
associated with Condition 1, althougn such a Ve_difference is not
likely due to 1ncreased contraction of the resniratory muscles alone.

In support of this suppos1t10n, it should be noted ‘that the

percentage of the maximum oxygen uptake_obtained.in



' Breath.and Sffoke Analysis‘Uhder Each
' -~ Experimental Condition.
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TABLE 5

Condition 1

Condition 2

Relative Tachpnea Relative Hypopnea

T

Ty

.A,T

1

Ty

Number of Breafhs/GO'Sécu

SD

—

Number 6f'StrOkes/60'sec

. SD-

—

Breath/stque_Rétio

1 29.6

4.88

.98

© 33.5

3,67

“Tos
2.18 -
33.1

4.00

.51

17.6

1.91

. 33.6  _

3.10

',52 ;
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each'experimental condition differed. According to Aatfand and Rodanl
(1970); there-is‘avlinear increase‘inlventilation asvthe percentage.of

‘ maximalboxygen“upfake isvapproached. Ae(indicatedvin'Appendix I,
under.Ccndition l,sappfoximafely‘é7% of thelmaximal cxygen uptake)values ‘
were attained, as opposed to 69%Aundef Conditicn 2. It is speculated,
therefcre, that a‘paftial'contributlon.forvthe incTeaSeleentilationl
value observed in Condition 1 was fhe result of inereased metabolic:
requirements indlcatedlby'the.highenvldz ualues in that Condition.

Blood Lactic Acid.

The‘difference between conditicns fon'the mean of blood lactic
acid was found to be statlstncally significant (p;.OS)f  Under Ccndition
2, blood 1act1c acid values were l7 mg/dl lowef tnan the. mean’value of
Condltlcn 1. 'The dlfference may - be reflected in the metabollc demands
‘encountered under each experimental conditlon;

. Under Cendition 1;'§02 Values were_approximately 55% of maximal‘
values, whereas tne values under Condition 2 were approximately 69%'of
naXimal values. 'Wasserman and Whipp (1973) have reporfed that blood
-lactic acid concentratlons tend to remaln low durlng submax1mal exerclse
at 1nten81t1es up to approx1mately 7OA of the Vozmax After 70%; values

were found to increase. rapldly Under Condltlon 1, where approx1mately'

87% of the VO max was attalned lact1c a01d values were found to approx1-

2
mate max1mal 1actate concentratlons Under Condltlon 2, where 69A of the
VO Jmax was attalned the metabollc requlrements may not have been hlgh
enough to induce aﬁlarge degree of lactate product1on It 1s p0581ble

that the 1ncreased lactate productlon in Condltlon 1 was the result of

an 1ncreased muscle mass - engaged to meet the 1ncreased metabollc ‘



42

irequirements:of augmented respiration, relative tachpnea and head and.g
trunk rotation. It is therefore suggested that the difference in blood
1actlc Values could be attributed to the degree to whlch ‘the VO2 in eachr

conditlon approached max1mal values.

Linear Regress1on to Predict VO from Dependent Varlables

To ascertainvthe degree'to which the'variables of blood'lactatev'
lacid, respiratory exchange ratio;‘ breath/stroke‘ratio,’and ventilation
contributed to the vo (ml/kg mln ) values observed'in Condition l:
51mple llnear and stepw1se multlple regre351ons‘were calculated for the
variables in’ Conditlon l : Results of the analyses for each exper1menta1
- condition can be seen in Table 6. It waSwfound‘that under relative
:tachypnea where the total energy cost was hlgh the respiratory exchange
ratio. related to the VO .more than any other dependent varlable (r_ 71 |

2:.51; QS.O5),,<:' ‘ | |

The same analvsis wasbcomputed underloondition,é'on the vari-
ables of ventilation, blocd lacticlacid; and the breath/stroke‘ratio.:'
Ventilation, Which was substantially lcwerfduring relativevhypopnia
b"'was found to be the most related variable to VO (r=. 62; RZ_ 39; 97.053).jft
| When additlonal varlables uere added during relative
tachypnea, the Ve was found to be the next best related varlable
However,vthe sllght 1ncrease in R2 (1 e Y 2 62) was minlmal and
not statlstlcally s1gn1flcant Therefore, the Ve was Judged not
“to be a variable whlch could account for the variatlon 1n'

iVOZ in this condltlon,*>81m11arly, during'relative -



Simple Linear RegreSsion-Formula for Predicting

TABLE 6

During Simulated Swimming

vo, (ml/kg;min—l) From Dependent Variables

Equation

Predicted Regression ’.Regreséion ‘ " Coefficient . Standard
'V02 Sl constant " coefficients of " . error of
1o o =1 ' and predictor determination estimate
Relative . : ) S :
.Tachpnea =~ Y = 17.72 + 24.27R .51 8.45 . 8.26 (p<.05)
0 B -
2
Relative _ R ' o T , o IR :
‘Hypopnea . Y = 11.5 + - .40Veg op .39 .18 5.12 (p=.053) =
\’/O2 = ’ ' . i , ‘ 3 |
Difference
Between
Relative : . g S
Hypopnea Y = 4.89 '+ 12ve oo .17 .10 1.63 (p=.24)
and Relative ' - e T
Tachpnea
VO2
R=Respiratory Exchange Ratio; =Ventilation

Predictor variables are:

®sTPD

ey
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hypopnia, the breath/stroke ratio was selected as‘the second Variable.
‘However, the Bz lncreased to-a'ninimal extent‘(gzi;43) and the 52>Was '
not found to be Statistically significant.

Sinceesubstantial variations ln Ve and &Oé»wefe observed when
data from conditions l_and 2 were contrasted, it was decided that changesl.
in the subjects' ventilaticn between-COnditions should bevexamlned with
the &ifferences;obServed in &Oz BetWeen conditicns. ‘Therefore, simple
linear and'stepnise regression were employed‘tc analyze-Vaniations in
the'snbjects"responses between experimental conditions.

The difference in values:between conditions were calculated for
eacn of the dependent variables. Tne'gz shown in Table 6 indicates tnatv
ventilation was found to‘account for a minimal degree ofbvariation in &Oz,‘
The results indicate that neasures not taken in this study largely ac-
counted for the substantlal dlfference in VO between condltlons (1;e;,

2.

biomechanical factors leadlng to increased metabollc rate in Condition 1.

Performance and Tralnlng Impllcatlons

The lower values obtained for oxygen uptake in Condition Z'in-
dicateithat swimnlng while breathing alternate stroke cycles is associ—‘
ated with lower energy requirements than breathing evefy stroke cycle.
bhe values of blood lactlczacid ‘and Ventilation which were also lower
under Condition 2, suppcrt thls premise. These flndlngs strongly suggestu'
that breathlng on alternate stroke cycles enables the sw1mmer to maintain

-a glnen pace with less ‘effort than would be requlred when breathlng every
stroke cycle, or that uhden_high»wcrklcads:swimmers'breathing eveny
stfoke would reach fatigue earller; ‘In'aAditlon, the bicmechanical:

implications indicate that relative hypopnea will reduce_the resistance.
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: incurred by movement of the head and tbrspﬂrequired to bréathe. It
is therefore suggeSted’that performahcé will’iﬁcrease if‘hypopnic
'Breathing'is ﬁtilized.’

The high blood lactic acid values in bogh conditions ihdicated
that the 200—yard freésty1evis primarily an anaerobic évént. On the
other hand, the‘highv§02 values sﬁggest that substahfiai aerobic meta-
bolism was also involved. These valueskappearnto be in agreement with
Kedrowski (1976) who reported that the 200-yard swim utilized an
equivalent percentage from each.energy source. ﬁis conclusion was
predicated on the amount of time required to swim the event. It is
suggested that the national caliber swimmers, who require less time to
swim the event than the subjects utilized in the presen£ study,lwogld‘
perhaps utilize a greater percentage of anéerdbic metabolism, whilé ége
group swimmers, who are generally slower, would utilize relatively
greater aerobic metabolism.

It was previously suggested that the 200-yard freestyle event
utilized both aeyobic and anaerobic metabolism. Kedrowski (1976)
reported that during Swimming of apprbximately 2 min‘duration,'
equivalent sources‘of both aerobié and anaerobicvmétabolism were used.
 Since ‘the extent to which aerobic.and anaerobic metabolism were engaged
cannot be determined without sophisticated experiméntation,,the’uée of
both methods dufing training fdr Zob—yérd freestyie competition is
recommended. It is possible that the 002 may be affected by the respira-—
tory frequency. Therefore; the develoément of specific muscles to turn
the head and torso; would pefhaps reducerregional‘blood flow éerving those

areas thus enabling more blood for thevmuSCleé involved in propulsion.
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The term "hypoxic bregthing” has been qéed frequently by lead-
ing practitioners, yet its use is misleading whenfrefefred to during
swimming. The term: "hypoxic'" refers to the reduction of oxygen to the
tissues per‘liter of blood, and is often associated with the inhalation
of air containing a low oxygen content (Astrand & Rodahl, 1970).
ﬁypopnic bréathing, however, refers to a reduction in the respiratory
frequency, and during swimming this is accomplished voluntarily.

The extent to which hypopnic breafﬁing.should be utilized in
fraining is of crifical importanée. 'Althbugh'it has not beenbdemonStrated
experimentally, it has been ‘speculated that hypopnic breathing during
training would increase the ability of the tissues to extfact oxygen
from the blood (Céunsilman, 1975). It is also possible durlng hypopnea 7
that the body s capacity to tolerate anaerobic metabolism may be
increased.

In addition, the principle of specificity suggests that if
hypopnic breathing is the preferréd method of.breathing during 200-
yard competitive swimming, if_should also be employed during swim
'trainiﬂg.' The impliéations:of'the_findings indicate that although
swimming dufing relative tachypnea elicits higher physiological meta-
bolism, it does not elicit specific physiological responses to stress-
ful 200-yard swimming, and therefore, the use of hypopnic breathing is
recommended during swim training. | :

: Summary

It was found-that dxygen upfake, Qentilétion, and: blood lactic
agid were highly reprgducible within.each experimental condition. Res-
piratory exchangé ratio was found fthave substantial limits under
Condifion 1, howéver, under_Condition 2,'unacc§ptab1e limits were’

- observed. Reliability coefficients for all va;iables, except

the respirétory exchange ratio in Condition 2, were .81 or higherl
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Hotelling's_l? for the‘lineér combination of dependent vari-
ables indicated a significant difference in ohysiological.responses'
ktetween Condition 1 and 2. Subsequent application>of'simultaoeous
confidence intervals conducted on the dependent variables indicated a
significant diffefence for each of the dependent variables (i.e., &Oz,
blood lactic acid and Ventilatioﬁ)e |

Simple'linear’and stepwise regression anélyses were computed to
ascertain the degree to which the dependert variables contributed to
the &Oz. Under Condition 1, the respiratory exchange ratio was found
most related to the &02. Under’Con&ition.Z, ventilation was found to
be most related to QQZ. Since significant differences in the dependent
Variables/were observed'befween conditions,'regression analysisiwas‘
computed oo the‘diﬁference in the dependent variables between condi-
tions. The results indicated that factors not measured in the present
study wefe 1argeiy responsible for fhevhigher &02 seenvin the condition
where relative tachypnic breathing was employed.

The findings suggest that breathing on alteranate stroke cycles~'
may enable the»swimmer to pefform under higher work ievels, or maintain
5 relative swimming pace with less effort, than when breathing every
sfroke cycle. If-was aieo suggested thaf 200—&érd swimming requires:
energy from both aerobic and anaerobic_metgbol;sm.
| ‘ﬁﬁe to the physioiogioai and»BiOmechanicai iﬁplications; the
use of aiternate_breathing‘was recommended>during performance. The use
of both aerobic aod aneerobic typee ofatraining wée suggested; however,
since the degree to which aerobic and anaerobic energylfor the 200-yard

evehf could not be quantified.



. CHAPTER 5

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Summaryv
’>l‘Since_coaches have suggested,th¢ use of alternate breathing

patterns fof’cbmpetitive events of 200 yards or less, the analysis of
physiological variables under these conditions was deemed important.
Therefore, this study attemptedvfo assess the effects of two bréathing
patﬁerﬁs (i,é,, Breathing evefy_arm'stroke;lor every;alternate arm
~ stroke) on oxygen uptake, blood laétic acid, respiratory ekchange rétio,ﬂ
and venfilation duriﬁg near-maximal simulated 260-yard freesfyle
swimming;; |

Prior to the experimental trials, a piiot investigatioﬁ and a
Preliminary Test were administered. »The pilot investigatibn attempted
fo deterﬁinevfhe Qalidity of capillary blood for.fhe use of micro-
determination of blood lactic acid. The results iﬁdicated that capillary
blood‘samplgs cloéely resembled venous blood, although capillary samples
were found to have a‘greater degree of Variability'than venous sémples.
The Preliminary Test was coﬁducted to:determine the maximal capacity for
eéch individual and}to_establiéh a workload which would elicit near-
maximal responses. for the experimgntal tfials. Tﬁe ?esulfs of the
Preliminary'Tést ihdicéted'that thébsﬁbjecfSJused in the present inves—
tigation compafé:favorébly in mefabolic capécity; éwim éerformahée and
' bhysical éharacteristiCS witﬁ subjeqts previously_inv¢Stigafed in |

swimming research.

48
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The experimental phase of the study consisted of four simulated
200-yard freestyle swim trials each administered>on separate days. Two
trials were conducted undgf Condition 1, wherein . the subject breathed
every stroke. The remaining two trials were conducted under‘Condition
- 2, wherein the sﬁﬁject breathed during alternate swim cycles. Criterion
wefe established for the acceptance of resbonses for each dependent
variable, and measurements were monitofed by technicians on the pool
deck. Trials were repeated within one week if a given criterion'was‘b
not accepted{ To simulate 200-yard freestyle performance each éwimmer
exercised under tethered swim conditions.at pre;determinéd worklcads for
110 sec. Tovinduqe near maximal effort, 95% of the weight displaced
during eéch subjecf's_Preliminary Test was attached to the tethéred
swimming épparatus during the experimental trials. .Breathing patterns,
wherein the swimmer breathed evefy or alternate arm strokes, were
assignéd in ordér thaf»experimental trials could be administered
randomly. |

WithinAQOndition analyses‘indicated that the dependent vafi_
ables in each condition were reliable (§=.Sl; E<'Ql)? with the exceptiOn‘_'
of respiratory exchénge ratio in Condition 2‘(2:.39). It is possible
that the values>of>6ne sﬁbject, ﬁhosé values»véfiéd éﬁbsfantiallyifrom
the observed values of thg other subjecfs,_may have‘contributéd to the
inst#biiity of this variab1é in COndifiohvz;’ Tﬁefefore, fespirafbry
exchange ratio was excluded from further analyses.

Using'mulfivériéte statistics, if‘was‘found that therebwas a

significant difference in the physiological variables as a result of .
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the breathing pétterns‘(gg.ol). Using simultaneous confidence intervals,
it was found that oxygen uptake,‘leod lactic acid, énd ventilation wére
the debendent variables which caused>the difference. Subsequent analyées
using stepwise regfession were employed to predict the &02 (ml/kg'min—l)l:
: in each experimenfal éondition, Undér Condition 1, the respiratory
exchange ratio was found to relate more to the 602 than‘any other
dependent variable. Under Condition 2; ventilation was found to be more
related than any other depéndent variable. . Using the same analysis to
predict changes in &02 Between conditions, it wa# fqund that th¢ breath-
ing pattern associated with each condition was not related to chanées

in &02 between conditions.

The findings suggested that breathing on alternate strokes was
associated with lower energy réquirementé thén breathing every stroke.
Thus, it was suggested that during alternate breathing, the swimmer could
maintain a relative pace with less effort, or feach fatigue later under
work of higher intensity than bfeathing every stroke. The findings also
indicated that both aerobic and anaerobic metaboliSm‘are employed during
the 2001yérd freestyle. | |

During performancé, thereforé, it was‘suggesfed that the swimmer
breathe every alternate étroke; ~pﬁring training, the implicationsvwere
that aerobic swimming could be used to elicit sbecific responses to
bréathing'in‘thé muSculatﬁre‘in thébuPﬁer body. The use of anaerobic
swimﬁing during both ﬁigh andxioﬁ.infeﬁsity éxeroise was also suggested.

.Durlng low 1nten31ty, tolerance to CO,, and’ increased pulmonary gas ex-

2

change during breath holding, factors evident during 200-yard sw1mm1ng,
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may bevencouraged. During high intensity swimming, a‘higher tolerance‘
to lactic acid levels may be encouraged.i -
- Conelueions | .

Based on the resul£s of this expefiment, theifoliowing eon—:
clusions were made: | ' "

1. Capillary blood obtained by finger punctﬁre is valid for
the use of micfo—determination of blood lactic acid. In comparison to
: vehoes samples, however, capillary_sampleeuwere found to have‘a greater.
degree of variance. |

2. Breathing‘on alternate strokes produces loWer enefgy
requifements for the variables‘of oxygen uptake, Veﬁfilatioe, and blobd
lactic aeid,‘then when breathing every stfeke; - |

Recommendations =

Based upon this study, the following recommendations for
futureeresearch are made:

1. ﬁse bilateral breathing, a method of breathing every 1%
strokes, to determine how physiological variables are affectedlby
 moderate ereathing reetfictions.

2. 'Trein swimmers using different breathihg patterns and.
compare pre— and pqstéseeson results, since iteisfﬁot known how
“training wili effeefqhypoxie breathing; o

3. Select swimmers. on fhe baéis_pf»training_and/or uee of
.hybOxicebreétﬁiﬁg dufiné»tfeiﬁihg,5Sinceutheee{variebies ﬁeﬁld:be

likely to affect respohses under these experimental breathing

conditions. =~
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4. Further study should attempt to determine the energy cost
of breéthing during swimming,bsince the biomechanical and physiological
implicétions indicate greater metabolic requirements under relative

fachypnea;
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- APPENDIX A

VALIDITY OF CAPILLARY BLOOD LACTIC ACID

192}
o

BLOOD. LACTIC ACID

mg/dl_l"

Capillar& Sample | Venous. Sample
78 , 94
68 | : 74
80 ' 68
80 o 88
180 164
116 ‘ - 106
124 | | 132

112 . 100

48 g0

és.4 B o 100,}‘,‘

.37.1 28,7

r=.93; p<.0l
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'~ APPENDIX B

INFORMED CONSENT

I, ' ' , do hereby voluntarily agrec and consent to
participate in an exercise testing program conducted by the personnel
of the Human Performance Laboratory of the Division of Health and
Physical Education of Virginia Polytechnic Instltute and State Univer=
sity, to study my physical fltness :

To evaluate my cardloresplratory endurance, I voluntarily agree to
perform a tethered sw1mm1ng test. - I understand that the procedure will
be to swim a series of 3 min workloads followed by 3 min rest
intervals until voluntary exhaustion. Each new workload will be
increased by multiples of 2.5 lbs. Subsequent swims will be 110 sec
long at 95% of maximal capacity. I understand that I will swim until
a state of fatigue is approached. Fatigue is defined as the point -
where work has become very hard as indicated by my feeling of effort
or discomfort, dizziness, nausea, breathlessness, chest pain, or any
other negatlve symptoms which I report to the. testor. I further
understand that under certain conditions I will be breathlng under

- hypoxic conditions, and that expired air w111 ‘be collected and

oxygen uptake determined.

I also Voluntarlly agree to allow trained personnel of the Human
Performance Laboratory to collect 100 microliter blood samples by
finger puncture for the determination of blood lactic acid. I also
agree to allow a Registered Nurse to collect 5 ml of venous blood
for reliability of lactic acid determination.

Risks of the test include occasional changes in the rhythm of the
heart rate and the possibility of extreme changes in blood pressure.
There are slight possibilities of falntlng and heart attack; these:
chances are increased if a hot shower is taken shortly after strenuous
exercise testing; however, these risks are reduced significantly for
athletes currently participating in training. Competent test
supervision protects against injury by providing appropriate
precautionary procedures. If these precautions are insufficient,

a telephone is available which would be used to call the local
hospital for emergency service. ' '

Benefits of testlng include estlmatlon of phy31cal working capacity
and determination of anaerobic metabolism during a simulated 200-yard
swim which will benefit coaches in pPOV1d1ng training sp601f10 to
this event ‘ .

I‘understand thet Ivmay ebstéin from participation in any pért of the
testing or withdraw from the program should I feel the activities
might be injurious to my health. I understand that my test and class



60

~data of a personal nature will be held confidential. Data used for
research purposes may only be used when not identifiable with me.

I further understand that approval to conduct this study has been
obtained from the Human Subjects Commlttee at V1rg1n1a Polytechnlc,
Institute and State Unlver31ty

I have read the above statements and have had the opportunity to
ask questlons v

Date: S _ - Time: . - AM/PM‘

Participant Signaturér

Witness: : L .
' HPER Personnel
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APPENDIX C

'PARTICIPANT'INSTRUCTIONS FOR EXERCISElTESTING

Prior to reportlng for your tests, it is essentlal that you adhere to_,

10

the following guidelines:

See your family physician before your scheduled test session.

It is generally desirable for all people to have a medical
examination once each year. . This check-up should include, among
other measures, a complete 12 lead electrocardiogram. Bring a
signed statement of your physician, indicating that you are
healthy and that there is no medical reason which would preclude
your participation in exer01se testing. Failure, on your part,
to obtain a medical check-up, will not exclude you from the
program. However, this medical examination is a precautionary

. procedure that is included for your protection. If a physician

contra-indication is reported by the physician, he will recommend
that you not participate. We will not allow you to enter the ‘
testing under those conditions. If you elect to partlclpate _
without a physical exam, your risks, as described in the informed
consent form, may increase. Therefore, it is encouraged that

you comply with this request, so that the risks can be kept ‘as
small as p0551b1e .

Avoid eating any food during the 4 hours preceding your test.
(For example, if scheduled for an 8:00 a.m. test don't eat
breaklast before the test. ) :

‘Before retiring the evenlng before your test, consume' 3 giasses'ef

clear fluid (juice, water, etc.). If your test is scheduled after
10:00 a.m., also drink 1-2 glasses of water before reportlng to.
the laboratory.

Sleep 7-8 hours the night before your test.

. Empty your bladder and bowels before reporting to the laboratory.

Don't consume any alcoholic beverages or non-prescription drugs
during the 12 hours preceding the test. Don't use tobacco during
the 3 hours before the test.

Bring your informed consent form, un81gned to the 1aboratory
You may wish to ask questions about the test prior to g1v1ng
your wrltten consent.
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~APPENDIX D -

AND CARDIOVASCULAR VARIABLES

ng

Subject 1/min_1‘ 'm’l/kgb'min_'1 mg/dlfl;

1 4.30 45.55 136
2 4.11 58.32 132
3 3.55 48.79 104
4 3.78 51.02 96
5 4.59 67.35 112
6 3.72 40.95 124
7 3.86 54.62 120
8 3.51 44.11 | 110
9 3.54 ' 50.21 122
10 4.60 55.35 130
X 3.96  51.62 119
'SD 0.40 7.30 12

0.94

1.12

0.99
1 0.90

0.89

0.91

0.93

0.82

1/min"

111.0
121.0
110.9
91.0
110.5
125.5
196.8
107.8
84.0

98.5"

105.6
12.3

BLA=blood lactic acid



APPENDIX E

" COMPARISON OF MEAN CHARACTERISTICS OF SUBJECTS TO COMPETITIVE
SWIMMERS 'USED IN PREVIOUS PUBLISHED INVESTIGATIONS

. Dixon Magel o
: : . “Present  and and’ ‘McArdle Knowleton
‘Measure - Subjects Faulkner Faulkner et al. et al.
Age (yrs) - 19.3 19.2 20.0
Height (em) 176.3  18l.2  181.3
Weight (kg) - 77.9  73.7 76.3 .
, - ‘ ‘ » @
’Perf‘o"rmahé’é,Time (sec) 111.9- ’ .109.9 '
V0,, ‘max (1/min"Y) " 3.96  4.05 4,27
V'_o'2 max (ml/kg min ¥) 51.62 54,7  56.3
Blood lactic acid . 119 o _ N 146.7

(mg/dl‘l)',
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APPENDIX F

BLOOD LACTIC ACID PROCEDURES

vCalibration Procedures

.1.

To each of three NAD VlalS, plpet 2. O ml of glycerlne buffer using .
a 2.0 ml graduated blow-out type pipet.

Invert several times to dissolve NAD crystals Combine all NAD
solutions into a single flask.

"To the comblned solution, plpet 0.7 ml of water u31ng a1.,0ml

graduated in .01 pipet; and 0.3 ml of lactate dehydrogenase
Mix well. - .

. Label 6 cuvets from 1-6. To each cuvet pipet 1.0 ml of mixture in

step 3 using a 1.0 ml graduated in .0l pipet. Using two 1.0 ml
graduated in .01 pipets, add the following amounts of water and

40% lactic acid diluted standard to the respective cuvet: Cuvet 1,
2.0 ml of water, no lactic acid; Cuvet 2, 1.9 ml of water, 0.1 ml
of lactic acid; Cuvet 3, 1.8 ml of water, 0.2 ml ofjlactic acid;
Cuvet 4, 1.7 ml of water 0.3 ml of lactic acid; Cuvet 5, 1.6 ml of

“water, 0.4 ml of lactic acid; and Cuvet 6 1.5 ml of water, 0. 5 ml

of lactic acid.

Incubate all cuvets for approx1mately 30 min of 37 °C or 45 min at
250C. :

~ Read absorbance values of Cuvets 2—6 us1ng Cuvet 1 as a reference
at 340 nm. ' ‘

Plot these values vs. the following corresponding lactic acid
concentration: o o

Cuvet = h . Absorbance Blood lactic acid

6
12
24
36
48
60

[<2 S BN~ L B AU

Procedures forvMicro—DetErminatioh of,Capiiléry,Blood Lactic Acid Samples

1.

Label an approprlate number of test tubes as there are blood samples
to be taken. Into each test tube pipet 1.1 ml of cold 8%

) perchlorlc acid (not prov1ded with the Sigma Chemical Kit)

using a 1.0 ml graduated in .0l pipet. Cover using sterilized
wax paper. S
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To obtain capillary blood samples, subject should rest in the
sitting position. Soak hand in warm water for 230 sec. At

the end of this period, swab proximal end of finger with alcohol
and wipe dry.  Immediately puncture finger tip, and squeezing
out distally, collect blood in 100 ul glass Corning Disposable
Microliter Pipets. Quickly transfer blood into test tubes
containing perchloric solution mentioned in step 1. ' Shake
vigorously for 30 sec to insure complete protein precipitation.
Lactic acid in the perchloric solution is stable for at least

1 week if refrigerated at 0-5°C.

When blood lactic acid determination is to be made, centrifuge
blood samples in perchloric solution for 10 min at 3000 rpm.

Determine the number of NAD vials required by the following

formula: * number of blood samples to be assayed +1

2

If the number obtained is not a whole number add one half to it
for the actual number of vials required.

To each of the NAD vials required, as determined in step 4,

add 2.0 ml of glycerine buffer using a 2.0 ml graduated blow-out
type pipet; 4.0 ml of water using a 4.0 ml graduated blow-out
type pipet; and 0.1 ml of 1act10 dehydrogenase using a .2 ml
graduated in .0l pipet.

Invert NAD vials several times to dissolve NAD crystals. Combine

all NAD solutions into a single flask.

Label an equivalent number of test tubes according to the number
of blood samples taken. Label an extra test tube or Blank.

Pipet 2.8 ml of the mixture from step 6 into each of the labeled
test tubes u51ng a 1 ml graduated in .01 pipet.

To the Blank, add an additional .2 ml of 8% perchloric acid using
a .2 graduated in .0l pipet. To each of the labeled test tubes in
step 7, add .2 ml of. the respective protein-free solution prepared
in step 2 u51ng two 100 ul samples from an Eppendorf 100 ul
automatic micro pipet.

Incubate all test tubes for approximately 30 min at 37°C or 45
min at 25°C.

.Upon completion’of incubation, calibrate spectrophofometef at

340 mm u51ng the Blank as a reference. Read blood lactic acid
samples in Absorbance mode.  Reaction is complete if the absorbance
rises by no more than .002 per minute. If the reaction is not
complete, another 1ncubat10n period of approx1mately 15 min should

" "be allowed.
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APPENDIX G

CALIBRATION CURVE FOR ABSORBANCE READINGS
S FOR BLOOD LACTIC ACID

0.7

' y=.93x

r=.93

1o - 20 30 40 50 60

:Blood Lactate (mg/dl_l)
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APPENDIX H

- EXPERIMENTAL CONDITION 1 -

-.—Vﬁ L3
o S _ Ve _ BLA _
1/min - ml/kg 'min R 1/min mg/dl
Subject T T, T, T, T, T, T T, T T,
1 4.01 3.97  41.99 41.98 0.97 0.95 93.2  99.6 69 68
2 3.37 3.53  47.87 50.06 0.97 1.14 98.2  92.4 96 94
'3 3.33 3.38  43.99 43.90 1l.07 1.06  80.1  8l.6 . 84 80
4 3.26 3.25  46.12 46.43 1.04 1.15  85.3  77.9 71 76 .
5 3.27 3.05  43.07 46.92 1.1o 1.18  89.5  86.4 88 90
6 3.46 3.61 ~ 47.94 44.78 1.17 1.22 88.0  97.3 96 92
7 3.16 3.73  48.86 51.00 1.30 1.40 86.4  86.0 98 94 -
8 2.80 2.93  37.34 37.07 - 1.04 1.12  103.3 100.7 92 88
9 3.80 3.78  45.74 45.56 1.10 1.14  82.6  75.6 92 86 .
10 3.28 3.38  36.10 37.22 0.8l 0.91  108.5 105.8 100 92
X 3.43 41.19 1.0l 90.2 87
SD 0.30 4.22 0.32 9.9 9

BLA=blood lactic acid

L9



APPENDIX I

EXPERIMENTAL CONDITION 2

. -1 | ' Ve BLA 1
‘ 1/min " ml /kg ‘min R; - 1/min mg/dl
Subject T, T2‘ Ty T Ty T, | Ty T, Ty T27
1 . 2.88 3.17  30.51 33.55  0.95  0.94 53.6  57.8 62 72
2 2.99  2.92  42.49 -41.90 ,: .13 1.20 68.7 65.3 90 | 88
3 '1 504 2.89  4l.77 39.67  0.94 1.16 74.9 67.7 56 54
a4 . 3 2.72  2.90 36.77 39.36 0.95 1.27 8.5 5.7 60 66
5 252 2.26 36.93 33.14  0.99 0.99  53.7  46.1 0 72
6 - 3.09  3.01  43.64 42.79 1.02  0.98 76.2 68.5 56 60
7 2.99  2.80  37.63 36.39  0.97 0.85  62.3  66.7 58 63
§ 1.5 2.16  25.95 28.65  1.06 1.11 46.2 50.6 78 87
9 264 2.52 31.78 31.72  0.89 = 0.91  58.5 = 66.7 84 76
10 a7 2.73 26.62_ 30.26  1.07 1.16  58.5  62.9 64 69
X 2.73 35.52 _ 1.07 60.23 69
SD

0.31 5.35 0.11 8.42 11

»BLA%biood lactic acid
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' THE EFFECTS OF TWO BREATHING PATTERNS ON SELECTED
PHYSIOLOGICAL PARAMETERS DURING A SIMULATED
200 YARD FREESTYLE IN MALE SWIMMERS

by'

George Hamilton Bell Jr.
~ (ABSTRACT)

Ten male adolescent and ydung adult swimmers were examined to
determine the effects of two breathing patferns on selecfea physiolé—
gical parameters during a simulated 200-yard freestyle swim. Specifi-
‘cally, a comparison of oxygen uptake, blood 1ac£ic écid, ventilation
and the respiratory exchange ratio reSponseS to a timed'swim were made -
under two experimental breathing conditions.k The infensity of thé
experimental trials was maintained -at approximately 95% of the subjects’.x
 maximal workload to induce maximal effort. The validity of capillary
blood saﬁples for the use of micro-determination of blood lactic acid
was established priorvto the preliminary and'ekperimental trials.
Maximal physioiogical parametérs for ¢ach subject were then obtained
during the Preliminary Test using a maximal intermiftent tethered swim-
ming test. The experimental phase‘of the studyvcpnsisted of four 110- .
sec swims designed tbrsiﬁulaté competitiVevZOO—yard freestyle swimming.
Two swims were conducted under Condition 1, wherein the subject swam
breathing once every arm cycle. The remaining two swims were under
Coﬁdition 2, wherein the subject swam breafhing every alternate arm
cycle.

Using Pearson product-moment correlation to determine within

condition reliability for each dependent variable, it was found that



oxygen uptake, hlood iactic acidiand ventilation‘were reliable. Under
Condition 1, the respiratory exchange:ratio-was'also‘found‘to‘be reli-
xable, howewer, nnder Condition 2, the reliahilityvcoeffioient was
considered unaoceptable. ‘Therefore, the‘respiratoryfexchange ratio was
excluded from further analyses. o | |
Hotelllng s T2 was employed on the llnear comblnatlon of oxygen
uptake, Ventllatlon, and blood lactlc a01d between conditions. This
analysis 1nd10ated a 31gn1f10ant dlfference (pr.OS) between conditions.pv
Simultaneous confidence 1ntervals indicated that oxygen uptake, blood
lactic a01d and ventllatlon were the varlables causing the dlfference
Simple 11near,and_stepw1se regression were employed to determ;ne',‘
the extent to which the dependent variables contributed.to the-\}o2 (ml/kgfﬂ
min_l) in each experimental condition. Under Condition 1, the respira—
tory exchange ratio was‘fonnd to bewclosely associated with the &02 in
that condition. 'Under Condition‘z,iyentilation was,found to be most
| closely associated with the loWer &Oz observed in this condition. It -
was deemed‘important to determine the extent to which changes between
conditions in the dependent wariables contribnted toichanges dn the &02
~(ml/kg'min_l) hetWeenzconditions; It was found that the changes in
ventilation contributed only a small portion to the changes in &0 “bet-
ween conditions, which 1ndlcated that something other than the dependent
varlables was assoc1ated with the changesvln VO between conditions.
During training and performance, the evidence suggests that
under a given workload, greater metabolic capacity was required. when
breathing every stroke In addltlon, hlgher 1ntens1t1es of work could

~ be tolerated when breathing was done only during alternate strokes;>
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