ABSTRACT

- KLEINSCHMIDI L.A. Physiological responses to a b X , atball on, MS ‘
Adult Fitness/Cardiac Rehabllitation May 1997 54pp (N K Butts) '

" Pre- and postseason measurements of aerobic and anaeroblc power were
- determined for women's intercollegiate basketball players (WIBP) on the
- 1995-96 Umversny of Wisconsin-La Crosse team (N = 13), Aerobic power was

measured by a treadmill VO,,, test while anaerobic power was determined by
the Wingate Cycle Ergometry Test. Using dependent t-tests, it was found that
neither aerobic nor anaerobic power changed mgmﬁcantly @ > .05) over the
season, Addltlenally, HRM data were collected during a preseason V02.,L,,mL
~ test, a team practice, a scrimmage, and an actual game and were compared using -
a one-way ANOVA with repeated measures, HR,, values for 7 of the 13
. _WIBP were found to be significantly (p < .001) higher during both the
. scnmmage and game than the practice and the preseason VOypmax test using
- Tukey's post hoc procedure. Similarly, HR,, values for 11 of the 13 WIBP
‘were found to be significantly (p < 001) higher during the scrimmage than both
the practice and the preseason VO, test. However, the higher HR,, values
_'found during the scrimmage and game situations were not sustamed due to the
charactenstws of competltwe basketball, - '
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CHAPTER |
INTRODUCTION
Bagkg round
Basketball's popularlty has endured for nearly a century due to its
. _challengmg nature in either recreational or competitive venues, It reqmres both
_ aeroblc and anaerobtc energy expendltures. Games are usually 40 minutes Iong .
and at the collegiate level it consists of two 20 minute halves. This duration of

an entlre game accounts for the aerobtc component The addmons of a 24-

men, and a 30-second shot-clook for co]legtate women have made basketball a

' 'faster paced game. Numerous short energy bursts, such as stealmg the ball and
_ subsequently sprinting the length of the court, Jumping for a rebound and
changmg d1recttons suddenly require anaerobloenergy. Players at any le'vel' '
‘need to develop both aerobic and anaerobic power to be competttlve. '

Although women have been playlng oompetltwe basketball for manv

years, they have not played the entire court until the last 25 years. Two other

rule changes that have affected the WOmenf.s game were the smaller ball
introduced in 1984 and the three point goal introduced in the 1987-88 academic
' year (Hult & Trekell, 1991). According to Hult and Trekell the smaller ball and
three pomt goal made basketball faster and more excmng for both gtrls and
women. - ' '
Developmental programs and speclal camps at facnhtles such as local

"schools and YMCAs | now include glrls in the lower elementary grades The




addltion of such programs has sparked the interest of many females acrossthe
_ country National toumaments for college players and state toumaments for
high school players have inspired teams and 1ndividuals to strive o be the best.
The first Olymplc competltlon for women s basketball was held in 1976 at
: Montreal (Lieberman- Cl:ne & Roberts, 1996) ' '

Trammg programs for women s basketball usually include running for

dlstance and tlme sprinting, repetltive drllls and weight traimng. Spemﬁ
tralning in the 19603 included rope jumpmg, bench steppmg, wall passing; push-
. ups, and sit-—ups (Hult & Trekell 1991) Then, as the ﬁve-player fnll court

- | game advanced trainmg mcluded wind sprmts, dlstance runs up to two miles,

- and stalr runmng (Hult & Trekell 1991) A good training program for

basketball should molude a balance of aeroblc and anaerolnc trammg (McArdle,
Katch & Katch 1991) The aeroblc trammg could mclude short dlstance runs
" such as one two miles and contmuous scnmmage play mthout stoppmg the

clock The anaeroblc trammg could include wmd spnnts defensive lateral

_ runnmg drills, Jumpmg rope, and reboundmg dnlls

' * Need for the Stud

~ Although a few studles have measured aerobic power of women's
' mtercolleglate basketball players pre- and postseason (Hakkinen, 1993;
- McArdle Magel & Kyvallos 1971 Smmng, 1973 Smmng & Adrian, 1968),
' 'the cahber of players tested, times of testlng, protocols anc results have been
conﬂlctmg Smmng and Adnan ( 1968) found that VO,max 1ncreased
] .s1gn1ﬁcantly from | pre- to postseason in eight college women as measured ona
cycle ergometer In contrast ‘McArdle et al. (19’71) found no significant
changes pre- to postseason In VOzm, HRmaJIl and body welght in six college
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women as measured on a treadmill In support of McArdle S ﬁndmgs, Coleman
Kreuzer, Frlcdnch and Juvenal (1974) reported no significant changes in
vogmax or anaeroblc power pre- to postseason in seven male college freshmen.
Even fewer studies have examined anaerobro power of women's
intercollegiate basketball players pre- and postseason Coleman et al. (1974)
~ found no srgmﬁcant changes using a modified version of the Margaria test of
anaerobio power In seven male college froshmen whlle Hal:kinen (1993)
reported a sngmﬁcant increase pre- to postseason in ten female basketball players
. m the official league in leand usmg a vertrcal ]umpmg test to determme

. anaerobtc power.

There is a need to study both the aerobic and anaerobic power pre- and

postseason in women's intercollegiate basketball players due to conflicting

ﬁndmgs of prevrous studres as weli as the dlfferences in trammg which have
' changed in recent years. ‘What are the changes In specific physmlogtcal

“ *Iresponses as a result of participation in a season of women's NCAA Division Il

mtercolleglate basketball? Furthermore how can suoh information assrst

: basketball coaches who want their players to maintain and even optlmrze both

_ aerobic and anaeroblo power dunng a season?

' Pur_'msg of the Study .

The purpose of thrs study was to determme what changes if any, occur in

~ aerobic and anaerobic power of women S mtercolleglate basketball players over
‘a competitive season. The independent variable was the effects of participation

dunng a season of mtercollegrate basketball The dependent variables were

'aeroblc and anaeroblc power mcludmg selected physrologlcal components of

both A subpurpose of thls study was to momtor heart rate responses of women




"intercollegi'ate basketball players during a practice, a scrimmage, and actual

N competitton and compare them to the 1nd1v1dual player's maxtmal heart rates
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- Hypothesis

There will be no signiﬁcant differences in various aerobic and anaerobtc
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power measures of female basketball players pre- and postseason. For statisttcal i
purposes the level of significance was set at the 05 level for ail variablest

There were three assumpttons in tins study _
It was assumed that all participants were physically able to perform ali
| tests. '

It was assumed that all participants exerted maximal effort ciuring all

tests,
It was assumed that all physiological tests measured the variables they

were designed to measure,
" There were four limitations to this study:
* There was the possibility of human and machine errors during the tests.




Outside activ':'ities and habits of the participants, such as diet, sleep
:pattems, psychologtcal stress, and recreational activities could not be
o controlled and may have affected physical condltton dunng testlng
) The condrttonmg of each subject prior to testmg and during the season
~ could not be controlled. ' '
o Thc subjects were volunteers from the 1995 96 women S basketball team |
'atUW-L N _ o
B There were two dehmttatlons to thts study
_ Thls study was conducted using only volunteer members of the 1995 96
-women s basketball team at UW- L as listed on the elignbrhty roster,

‘The testing procedunes for aerobic and anaerobic power took place in the

Human Performance Laboratory at UW L.

_ Jmax) - & quantitattve measure of an indivldual's abillty for

uerobic energy transfer that determines one S capablllty to sustaln hlgh lntenslty

exermse for longer than 5 minutes and is expressed as one's ‘VOzm,lx (McArdle et
al., 1991) A treadmlll fun was used in this study.

Mh&lLElM a participant on the 1995-96 UW-L women's basketball team
as listed on the eligibility roster.

Eatlgue_md_ex.(ﬁn the rate of power decllne durlng the 30- second Wlngate

' _cycle test and calculated as the dlfference betwet n peak anaereblc power and the
'flowest nE second powet output divlded by the peak power and expressed as a
percentage (MacDougall Wenger, & Green, 1991)




HRmax the maxrmal heart rate as determmed by ] maxrmal troadmlll test

- _{expressed in beats per mmute (beats-mm ),

‘Maximg oxygen consun L 1n VO,-..) - a pomt at whtch oxygen consumptron '

- plateaus wrth an addrttonal workload as determmed by the protocol desc:nbed m
Chapter Il Itis expressed in both relauve units (ml kg L min- l) and absolute
o umts (L mm'l), and is a good measure of aerobic power (McArdle et al., 1991)
Mear an Anaerobic et (N P) - - the average power output generated during the
_ent1re 30—second ngate power test and expressed m both relatwe (watts lcg-l)
~ and absolute (watts) umts (McArdle et al., 1991),

Peak / r sic Pow r PP . the htghest mechamcal power generated during the'

' 'ﬁrst 5 seconds of the 30-second ngate power test expressed in both relative
(watts'kg l) and absolute (watts) umts (McArdle et alt, 1991)
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CHAPTER I
REVIEW OF RELATED LITERATURE
There is a limited amount of research avmlable that has reportcd both
_aerobic and anaerobic power pre— and postseason of women s mtercolleglate '

. basketball players (WIBP) A few studles have measured aerobic power

. (vo,m,,) prc- and postseason of WIBP and men's mtercoilegmte basketball

players separately Intersport compartsons of anaerobic power have been made
by a limited number of researchers, and even fewer studies with speciﬁc
reference to anaerobic power of WIBP have been reported These studies did
- not use the same protocols or the same modes for testing, thus, direct _
- comparisons are difﬁcult Prior to 1972 college women participated under the
- six-—player rule. Unoer these rulcs, only two members of the six members of
each team were atiowed to piny thc entire court (Smning & Adrian, 1968), while

‘the remaining members played half-court Subsequently, the ﬁndings of all past N

studies have not set any particular trend concerning changes in aerobic or
anaerobic power over the coutse of a season of competitive play.
' The ﬁrst section of this chapter will identify physical characteristics of
- women basketball playors. The second section will explain aerobic and
' -anaeroblt. metabolic processes, The third section will pnesent methods of
mcasurcment to determine both aerobic and anaerobic power. The fourth section
will examine \/()2,,,,,x and its lmportance to women basketball players, while the
' ﬂfth section wiii examine anaerobic power and its importance to women '




. basketbali piayers The sixth section will examine the 1mportance of heart rate

- responses of women basketbail players. Finally, the summary Will review the

o mformatton presented in the aforemcnttoned sections.

- Ph ys gai Chara censttc of \ N ymen Baske Y lPl 3¢

Many factors affect VOzn[mx mcludmg height, welght age, and traming '

' and there is tremendous btologtcal vartabthty among individuals competing in
the same sport Researchcrs who tested VOgmu of female colloge women
_-basketbali players reported mean helghts of subjects ranging from 165 3cm-

: 174, o cm, mean weights rangmg from 61,3 kg - 68.1 kg, and mean ages rangmg

_ from 19 years ] month 20 years of age (I-Iakkinen 1993 McArdle et al., _
1971 Stnning, _1973 Sinning & Adrlan, 1968) Thcse values are somewhat '

. :lower than data reported by Smith and Thomas (1991) on 29 Canadian women
'-'basketbail players These athletes, who were rated as one of the top ﬂve teams |
| in the world at the time of testing had an average hexght of 181 8 cm, weighed
74 5 lcg, and averaged 21.6 + 1. 8 years of age
Compared to the four studies first mentioned above (Hakkinen, 1993:
" MoArdle et al., 1971 Sinning, 1973 Sinning & Adrian, 1968), Vaccaro, Clark

& Wrenn (1979) found similar values for height wetght and age as follows:

N eight = 173.0 cm, weight = 68.3 kg, and age = 19.4 years. At the time of
o this study the subjects were considered superior due to a national ranlcmg in the
' top 10in theUS -

Aorobic and Anaerobic Metabolic Processes

_ The body utilizes three energy systems to execute daily activities as well '
as sports activities that require higher amounts of energy for extended periods of

time. The three systems are l)ATP-CP 2)anaerobic glycoiysis, and 3)aerobic
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or oxygen system. 'I‘he ATP CP system conStsts of hlgh energy phosphates _
~ stored within muscles (McArdle et al., 1991). Both the ATP-CP and anaerobic

o glycolysts systems involve anaerobic metabollc processes. The ATP CP system
s called upon when the event is less than 10 seconds in duratton, anaerobic
; glycolysm 18 called upon when the event Is 2- 5 mmutes in duratton, and the

R aeroblc system s called upon when the event lasts 5 mtnutes or longer (McArdle _ :

et al.,, 1991) _
Basketball involves all three of these systems due to the nature of the

game (Stone & Stemgard 1993). For example, there are sprints up and down

' _the court that may last less than 10 seconds or greater than 2 minutes dependtng '

on vnolations occumng as sngniﬁed by the whtstle of a referee or the sound of a

buzzer 1ndicatmg the end of a quarter or half of play

Exerctse physiologlsts have developed dtffenent protocols utiltzing
dtfferent modes of testmg to measure both aerobic and anaeroblc power. In
1991 MacDougall and associates agserted that athletes can proﬁt from a regular
testlng program, Attamment of one's vozm requires the mtegratlon of many

body systems (i.e., cardiovascular, pulmonary, and neuromuscular), SO maximal

_ oxygen uptake has signlficant physiologic as well as metabolic meanmg
(McArdle et al., 1991) The traditlonal and most mdely accepted method to

measure aerobic power IS dlrectl Y measured VOQM (Amerlcan College of

‘Sports Medicine [ACSM], 1995).

Two studies that measured ‘\/O;;mm of wmp pre- to postseason used

. discontinuous protocols (Sirining, 1973 Slnnlng & Adrian, 1968), while two
studies used _continuous protocols_(Hakldnen. 1993-, McArdie et al., -19'71). -




~ Certain dlsadvantagcs of dtscontmuous protocols exist (MacDougaIl et al

S 1991) First, it 1s dlfﬁcult to choose the proper workload Secondly, it is

| difﬁcult to determine whether a true v02m 1S achleved because there is no

| stepwnse plateau 1n VO,. Thirdly, usmg a dtscontinuous protocol mordmately

- 'extends testing time. Advantages to using continuous protocols are the

| followmg a built—m warm-up; requnrcs performance at VOzmu for less tlme
than do dlscontmuous protocols, and, allows the workload to be adjusted
progresswely throughout each stage (MacDougall etal,, 1991)

- Equally important to the protocol selected is the mode of testing for both
aeroblc and anaeroble power. Two of the most common modes to test aeroblc
power (VOpp0e) are the treadmill and the cycle ergometer In the past, three
studles that determined aerobic power of WIBP pre- to postseason used a oycle
ergometer (Hakkmen, 1993, Sinning, 1973; Smnmg & Adnan, 1968), and only

- one (McArdle et al 197 l) used a treadmill
Although the majority of studies of aerobtc power pre- to postseason of
WIBP have used cycle ergometry, there are certain disadvantages to this mode

~such as a smalier muscle mass 1s used, localized leg fangue may limit total

| testing time, and usually 5-15% lower VOyoe values are obtained compared to
using a treadmill (McArdlc et al., 1991) Advantages of treadmill testing

'. include easier workload control and utilization of greater muscle mass eliclting .
' higher \/'Ozmx and HRmx values. -
 Different methods of testing anaerobic power of WIBP have also
developed, The stair test pioneered by Margaria, Aghemo, and Rovelli (1966)
was the most popular method until the ngate test was validated (lnbar, Dotan,
| & Bar-Or, 1976) According to MacDoupall et al (1991), the Wingate test has




_ ‘been used more than any other test in determmlng anaerobic performance.
| -Although no pubhshed studles were found that measured anaeroblc power of
WIBP pre- to postseason, two unpubhshed studtes were found (Earnest 1992 '
Hilgenberg, 1988) which used the ngate test. Earnest (1992) used the stau '
_ test to determme peak anaeroblc power and the ngate to determme anaeroblo
o capacity. Hilgenberg (1988) used the ngate test to determme peak power
i Aerobic Pow rdIt Imports n_ _
o Aeroblc power is important to basketball for many reasons As discussed
~in Chapter I, the length of a women S collegtate basketball game totals 40
B mmutes that i is divided mto two 20 mmute halves. Although there are 0ccasions
“in whlch the clock stops (i. e., time outs and violations), these hreaks do not
' a]low players to recover to a resting level of oxygen mtake. Often, a senes of
-plays can occur without any breaks in the play According to Stone and _
_ 'Steingard (1993), the basketball player needs to be prepared to sustam a hlgh
level of continuous movement. Thus, the average collegiate basketball player _
| needs to have fairly high aerobic power and needs to be able to maintain it to be
competitive in games. Furthermore Stone and Steingard (1993) suggest that a

high aerobic capacity of the basketball player is necessary for a rapid recovery
from any anacrobic efforts. '

Two studies which measured the aerobic power pre- and postseason _

during the 6- player rule for intercollegiate women's basketball reported
_ conflictmg results, In 1968, Sinning and Adrian found that VOyax increase
- significantly in relative terms from 34.4 to 38. 7 m) kg 'min! as well as In
absolute terms over the course of a season for 8 subjeets. In contrast, McArdle |
- et al,, (1971) found similar values of 35.5 to 35 8 ml kg lamin 1 but there wen‘*'




no significant changes pre- to postseason for 6 subjects. The average VOouay '
o values of the subjects in these two "studies were lower than values reported by
-"Hakkmen in 1993 (48.0 to 4'7 (0 ml kg'lmm“l) and Slnnmg in 1973 (44.8 t0 42.9
) ml-kg-1. mm'l) pre- to postseason and may have been lower due to the subjects .
~only playing half-court basketball. _ . '
As a comparative study to the 1968 study by Smmng and Adnan, Smnmg '
.(1973) measurcd \(()2maqu pre- and postseason on 14 female players One major
purpose of this study was to compare eondltromng effects under 6-—player rules
- and full court 5- player rules. lt was found that vozm expressed in relatlve _
terms decreased srgmﬁcantly over the course of the season from 44, 8 to
- 43.0 ml. kg ‘min-l. One possible explanatton for the decrease was that the
N players increased their body werght, Specrﬁcally lean body welght over the
~season, In additron, the players in the second study partlcrpating under the 5- .
_ ' player rule had sngnlﬁcantly hlgher ‘\’02,,mx values pre- and postseason than the '

. -_-players pamcrpatiug under the 6-player rule (Slnnlng, 1973), suggesting that |
mitrally the subjects involved in the 1973 study were in a better state of
_cardroresmratory condition, 'This difference would be expected due to the

~ transition from a half- court game to a full-court game, primanly because total
distances any player ran in a game would be greater utilizing the entire court. o
Anaerobic Power and Its Importance to Wornen Rasketball Players
Anaerobic power IS also an lmportant attribute for basketball players. '
There are many occaslons during a game in which the anaeroblc system ls called @
upon for quick energy (i e., jumping for rebounds, sprlntlng down the court for o
 the execution of a fast break, defensive lateral movement, etc..) Although _ i

Stone and Stelngard (1993) indicate aerobic power is lmportant, they suggest that -_ N
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~ the major performance skills of basketba'll require an anaerobicenergy buse.
" These researchers also a.pproprtately suggested that the coach can influence the :

_overall tempo of the game. Coaches may devise a slower style of play

concentratmg on half-court offense and reqmre more aerobic energy Or & faster

style of play with emphasts on a running, fast breakmg game requiring anaerobic '

energy sources A coach could change style of play based on the abthty and

physlque of the team as well as tram the team to play a faster or slower tempo

, based on the drfﬁculty of the opponents

Ina study that compared male basketball players, ma]e football players

women tce hockey players, and a group of males termed "national athletes,

- _basketball players were found to have the htghest anaerobic power (Verma, _
- Mohindroo, & Kansal, 1979), All of these athletes were studted at a training

camp and ranged i m age from 16 to 27 years. The method used for determining '

“anaerobic power was the Margarla-l(alamen techmque that consists ot’ several

trials of running up a series of steps.

Coleman et al.., (1974) tested nine college freshmen male basketball

Players' anaerobic powers pre- and postseason. The results indicated a
‘nonsignificant incmas'e in mean anaerobic power, and the researchers suggested

that gains in anaerobic power should have reached a plateau before the first week

of competition due to 6 weeks of strenuous, preseason condluonlng The
researchers state that for any further increases to occur in anaerobic power, the
subjects would need to use strength and speed to move body weight more
eﬁ‘ectively (Coletnan et al., 1974) One way the authors suggest to improve

'anaeroblo power way to have the subjccts take part ln a heavy reslstance program '
durmg the $6450N., ' '
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Ina comparative study of South Austrahan males competing in track
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'soccer, hockey, and basketbail Withers, Roberts, and Davies (1977) found that

soccer and hockey players had hlgher relative power than either basketbali or
- track competitt)rs The method used for testmg m thts study was the Margaria
- stalr test; however, the tests were not performed pre- and postseason
' Simllarly, Bhanot and Sidhu (1981) compared the anaeroblc power of
football hockey, volleyball, and basketball players Although the gender of the
athletes was not mentioned i in the study, these researchers found that volleyball
' ;. players had the highest anaerobic power of all athletes followed by football
hockey, and basketball players, respectwely However, thts study was not
'conducted pre- and postseason, and the athletes on the hockey and volleyball
teams were consrdered "Nahonal Seniors,” while the athletes on the basketball
“and football teams were consrdcred "National Juniors." No specific ages were
mentlonedof any of the subjectsinvolyed in the study. Thus, although field '
sports such as football and hockey were noted to have subjects with higher
anaerobic power than basketball players in this particular study, comparisons
.wer'e difﬁcltlt since neither age nor gender of subjects were identified. "
o ‘Pankey, Bacharach, and Gaugler (1996) compared the anaercbtc power
peak power, and fatigue percentage of physncally active women in two age
groups using thc Wingate cycle test. The subjects had participated in aerobic
N classes three to five times per week for at least 1 hour over a period of at least 2
' years. Women aged 18 to 29 did not differ sigmﬁcantly from women aged 30 o
42 in anaerobic power and peak power, but there was a signiflcant difference
' betwecn the groups in fatiguc index. In fact, the older group attained a lower
fatigue index of 39 versus 46% for the younger women which is caleulated as




the d:fference between peak power and minimum power divided by peak power ,

 The authors credtted long-term adaptations such as retamment ot‘ muscle mass
 and less than normal loss of muscle strength from participation in moderate to
high mtens1ty aerobtcs as factors affectmg the

‘et al., 1996) _ -
Eamest ( 1992) tested 10 NCAA Dmston I women's basketball players'

anaerobic powers pre- and postseason and found that both peak anaeroblc power
and anaerobic capacity mcreased sigmﬁcantly over the season.

lowerfati‘gue percentage (Pankey

This researcher
,used the method descnbed by Margaria et al, (1966) for determmlng peak

anaerobic power and the Wingatecycle test for detennining anacrobic capacity.
] Rate anc ts In I ortai " Bask Bjﬁ)ﬁm ' .
Exercise lntens:ty IS generally expressed as a percentage of one's Vozmw
' but an effecttve altemattve method is to use heart rate (McArdle et al., 1991)
- Since there is a linear relationship between maximum heart rate and VOyp0y,
theorettcally an mdlvidual should achieve thetr VOy,ax At one s maximum heart
rate. Since a treadmill V()z,m test normally lasts 10 to 12 minutes after an

_ appropriate warm -up, the aerobic energy system is utillzed ln order for subjects
to complete the test, '

Accordlng to Shangold ang Mirldn (1994), maximum heart rate is affected
primarlly by heredity and age, and not significantly affected by speclﬂc training.

These authors state that VOy,ax Can lncrease with training up to 20% in most
- people (Shangold & erldn, 1994) without an increase in maximal heart rate,

- Moreover, a beneﬁt of tralning is the galnlng of lean body mass lcading toa
greater ability to use oxygen (ACSM 1995),




There is a paucrty of publlshed studies that were conducted to dctermme
* heart rates of women basketball players in competitton however there were a :
o few unpubllshed studtes that exammed this toptc : '
- In a study mvolvmg 16 undergraduate college women radtotelemetry was
used to monitor heart rates dunng 15 mmutes of actwrty (Armstrong, 1964)
" The subjects were etther in a physrcal educatton class Or a recreation program on
" campus There were ten basketball players involved, and these parucular B
subjects d1ffered in the type of basketball played For example, three were in a
basketball class, three particrpated in a basketball club three played intramural
o 'basketball and one played extramural basketball From the heart rate data
- obtamed it was found that basketball was more strenuous than badminton or
._ contemporary dance, and basketball drills produced a lower heart rate than
' actual games (Armstrong, 1964). The average heart rates for the ten basketball
) players involved was 166 5 beatsﬂminl during play and ranged from 106 to 198
~ beats: mrn""l o _ o
In an attempt to repeat Armstrong s (1964) study as well as mvesugate
~ heart rate responses further, Cant (1965) studied a similar group of 19 college

~ women. The subjects were participants in ﬁve actlvity classes that met for i
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“hour two times per week for 10 weeks., Heart rates were monltored durlng the
speclﬁc activity class the subjects were participating in (i. e., basketball ,
| _ badminton and contemporary dance). Cant (1965) found the mean heart rate of
ten basketball players to be 168.6 beats«min1 and as Armstrong (1964) found,

basketball players had a hlgher heart rate response than subjects involved in

badminton or contemporary dance. -




Huchison ( 1' 969) studied two women's basketball- starting players using
radtotelemetry In five dlfferent game settmgs, telemetry readings were taken
. dunng the first two mmutes of play, the first two mmutes of the second half, and

the last two mmutes of play ‘Heart rates durmg the last 5 seconds of every
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for the two subjects in five separate games were as follows: 170.0 , 184 5,
170.5, 191.5, and 188 beats-min-!. ' '

In addition to usmg radiotelemetry, verbal commentary of the game
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._srtuatton was provided by Huchtson ( 1909) From this commentary, it was
found that both subjects were iost effective (ie., mcrcased scoring, reboundmg,
| and ball steahng along with mmimal violations) when mamtammg a steady heart
rate for two consecutive minutes or more. It was c.eternnned that the subjects
reached a higher heart rate durlng game situations versus heari rates determined
“on a cycle ergometer at a heavy workload, During competition, one subject
.maintamed a heart rate greater than 200 for 12 minutes (Huchtson 1969)
. compared to that obtajned on the cycle test, ,

McArdle et al., (1971) used radtotelemetry {0 obtam heart rate data on six "
‘wonien college basketball players durmg home games. Recordings were taken .
on each player for at least one quarter but not longer than one half. These data
were collected during both ﬁve—player and six-player competttion. Speciﬁcally,

_ heart rate recordlngs were taken at the tip-off, every 30 seconds during play, and
at the begmning and end of time-outs. Heart rates during play averaged 154-195

s

' beats-mm-l which represented 81 t0 95% of the subjects’ maximum heart rates as
. measured from treadmlll vozm tcsts. . '
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The Spanish Olympro team that won the Eumpean Championship in 1993

o partlcrpated ln continuous heart rate momtormg during three mtematlonal

 contests (Terrados et al,, 1996) Heart rates durmg t.ompetition averaged 177

o bpm and ranged between 140- 203 beats min-1, The researchers conoludcd that .
' N the heart rates durlng basketball were rather hlgh desprte the fact that there were
N _rest perlods throughout the game . '
Clearly baslcetball as played today, 1s both an aerobtc sport and an

g anaeroblc sport wrth contmuous aorobrc play and frequent bursts requmng
_anaerobro energy (Stone & Stemgard 1993) Improvements have been rare in-

 aerobic power over the course of a season in college women s basketball players

- .-(Earnest, 1992; Hakkinen, 1993; Hllgenberg, 1996 McArdle et al., 1971;

o Snnnmg, 1973) However a few studies have reported srgmﬁcant increases in
| anaerobio power (Eamest 1992 Haklonen 1993) . _ _
' _ There are few studles that have mvestlgated both aeroblc and anaeroblo
_ I power of women college basketball players pre- and postseason Cenam studres
B have determmed aeroblc power (Hakkmen, 1993 McArdle et al., 19'71

- __ Smmng, 1973 Smmng & Adnan, 1968 Vaccaro et al., 1979), but testmg

- __ -mOdes and protocols were drfferent thus a.ny compansons of the ﬁndlngs of the

- aforementloned studres need to be analyzed carefully. The hrghest mean value

o reported n publlshed studles for the V02max of a college women's basketball

'team was 49 6 ml ltg mm -l (Vaccaro et al 1979), and the hlghest value reported '
~in unpublrshed studres was 53 9 mi- kg‘l -min-! (Hrlgenberg, 1988)

Regardmg anaerobrc power E.arnest ( 1992) found a srgmﬁcant mcrease in

o B peak anaeroblc power in 10 NCAA DIVISIOH I women s basketball players usmg o |




the stair test. To determine mean anaerobic power, they used the ngate cyclc ]

B test It was tound tbat there was a signiﬁcant mcrease m mean anaerobic power
_ '_-(Earnest, 1992) The results of these anaerobic tests are in conﬂlct with the o

' ﬁndmgs of Hilgenberg (1988) who found that mean anaeroblc power mcreased

_ 'but not 31gniﬁcantly with 11 members of a NCAA Division III team._ o

_ Hakhnen (1993) found that anaerob:c power increased s1gmﬁcantlv pre-- -
to postseaSOﬂ for 10 female playcrs psrtlctpatmg in an ofﬁmal league in Finland
The method used for determming anaerobto power was a 30 second maximal
"vertical jumping test The subjects involved were a]so mvolved m an exploswe
| __type strength training program dunng the season. I'I’hus, it is difﬁeult to -
' conclude that mcreases in anaerobtc power were from the eft‘ects of the season

' .'-itself .or_fromthe strength traintn'g.




'CHAPTER Il
METHODS AND PROCEDURES

In ."_in

Thc purpose of thls study was to measure the pre- and postseason aerobic B '

_ and anaeroblc power of women 1ntercollegnate basketball players (WIBP) to

o determme what 1f any, changes occurred over the season. A subpurpose was to

o _monitor heart rate responses of WIBP during a Pfactlce scnmmage, and actual

N competitlon It was hypotheSIZed that o sigmﬁcant physlologlcal changes

- would occur bctween prc- and postseascn

The procedures for thls study are presented as follows. subject selectlon, _

' general procedures determmation of aerobic power (VOQM), determlnatlon of

. peak anaerobic | power, heart rate momtonng, and stanstlcs Preseason testing

. was completed 3 weeks before the ﬁrst game and postseason testmg was N
' completed wrthm one and one-half weeks after the last game, B

A letter was submltted to the coach descnbmg the study (see Appendlx '
i A) and after meetmg personally w:th the coach, permrssron was obtamed to

study the team for research purposes Verbal permnss:on was also obtained from _

. the Athletlc Director at a speclal meetlng with the researcher Fourteen
' members of the 1995 96 1 women S basketball team at the Umverstty of
| -.Wlsconsm-La Crosse (UW- L) as hsted on the ellgtble roster began the study

- Due to one team member cont:ractmg mononucleosls four weeks before

| 'completton of the season, this subject dld not complete any postseason testlng, _
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: thus, 13 subjects completed the study. Prlor to any practtce sesstons or testmg,
o written approval was received ﬁ'om the Human Subject's Review Board at the _

"'UW-L In addttion, each subject was requrred to sngn an mformed eonsent form _ '

(see Appendlx B)

The purpose of the study, the prooedures, and the time commltment

were explajned at a "team meeting and informed consent forms were mgned

. . N .'The entlre team was encouraged t° partimpate and 't was exp lamed that

_"'parucxpation would not affect the process of team selectlon. Subjects were

- . shown the equtpment namely, the treadmill the Monark cycle ergometer Polar

. _Vantage XL heart rate momtors, headgear and mouthplece prior to testmg
' Any subject wrthout pnor treadnull expenence was requnred to pracnce on the
: treadrmll wuh the spproprlate testing eqmpment '
- Dt"_'\' ._“_

In order to detennme changes in aeroble power durmg the season,

' \./02,mm tests were admtnistered to each mdlwdual pre- and postseason usmg a

-:Burdtck motonzed treadmill (Quinton Bothell WA) Protocol for the treadmlll

o test was as follows._ a 5 minute warm-up at 3.5 mph and 10% grade. The grade .

L was then decreased to 0% and the speed was lncreased appropriately for each

' .mph) 'I’hereafter the gmde was increased by 2 S% every 2 mtnutest The
- subjects were encouraged to contmue throughout the test N _
' The subjects wore Polar Vantage XL (Polar CIC Inc., Port Washmgton
| NY) heart rate monitors dunng the VOz,m tests. The transmttter was monstenedf

' B ': with dlst;llled water, strapped around the upper torso below the breasts and also




secured shghtly under the subject' bra, The receiver was taped along the

_ handrail of the treadmtll The subjects were weighed and thls value was entered -

imto the metabolic rart

_ Oncc the subject was fitted with the heart rate monltor, she stood
mottonless on the treadmill and was ﬁttcd wnth a Hans-Rudolph head support
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(model # 2726) and a mouthpiece The mouthptece was connectcd toa Rudolph

two- -way valve system (model # 2700) The right side of the valye system was : 

_ﬂtted mto a ﬂextble rubber hose whtch connected the SUbjECt to the Qumton Q-

o Plex I Cardtopulmonary Exercnse System wnth software revision E (Quinton, L

| Bothell WA) The left side of the valve system was set up to take in room air.
The mouthplece fit tightly mto the mouth and the subjects were mstructed to
i'seal thetr ltps around it, Each sub_;ect also wore a nose chp throughout the test
. The Qumton Q Piex Cardlopulmonary Exerctse .‘.»ystem consisted of an

o f-'mfrared carbon dioxtde gas analyzer an oxygen analyzer a 6 0 L mtxmg

- chamber and a syrtnge volume of 3. 0 L Due to techntt*al dtfﬁculties Wlth thc .
_ Qumton Q Plex I at the time of posttestmg, a newer model (Qumton QMC

o metabohc cart) was used The Qutnton QMC metaboltc cart consrsted of an

' mfrared carbon dioxide analyzer ajS4L mlxmg chamber and a synnge volume '. .

of 3.0 L. .
‘The Q- Plex I and QMC were tumed on and allowed to warm-up for 30

| mmutes pnor to calibratlon Room conditions were obtmned and entered into
the metabohc cart systtcm thus each system was caltbrated for ambient
temperature and barometnc pressure The gas fractions of carbon dtoxlde and
.' oxygen were also callbrated to proper percentages and target volts




Heart ratcs were read contmuously from the Polar Vantage XL receiver

.. and recorded every mlnutc and entered into the respective metabohc cart' o
o computer Borg S Rating of Peroelved Exertion Scale (Borg, 1982) was used and -

- physnological vanables, ventllatlon (VE), relatwe \w’O;Zm,ml (ml- kg l*min 1),
- _absolute VOZ,:m (L min '); resptratory exchange rauo (RER), and METs The
test was conmdered to be a valld maximal effort when the RER reached or
: _Isurpassod the value of 1.0 and when there was a plateau In oxygen consumpnon , -
desplte an mcrease in work In addlnon all subjects ran untll volmona]
exhaustion,. '
- - Determination of Anaerobic Powe
Peak anaemblc power (PP), mean anaeroblc power (MP), and fatlgue
- mdex (FI) were measured usmg a Monark cycle ergometer (Varberg, Sweden) _
' _and the computenzed ngate test (Sports Medtcme Industnes, Inc., St Cloud
. MN) The resistance apphed was determmed relattve to body wetght' 0. 075 kg
| "per kg of body welght 'I'he cycle had a welght basket welghmg 0.5 kg, and thts
_'was recorded and used m calculatmg the resnstance for each subject. The '
B -.sub_;ects were wenghed pnor to testmg, and the con'espondmg resistance was
“added to the weight basket. ' _
o The seat herght of the cycle was posmoned to ensure a shght angle of the
' lmce durmg pedalmg The feet of each subject were secured mto the toe cllps on




~ the pedals, Each subject was rcquired to complete a S-minute Warm-up period -
- and during this time, mstructed to execute 2-3 all out bursts of 4-8 seconds '

- pedaling s fast as poss 1ble. I‘hts warm-up was done against moderate resrstance
of 2-3 kg o '

' ‘the point when she felt she was pedalmg as t'ast as possible, she said the
. '. command "Go and the welghts were dropped mto the wetght basket '

- Contrnuous verbal encouragement was provrded throughout the 30 second test.
At the end of the 30 second test penod most of the welghts were removed

. lcavmg 1-2 kg of resrstance, and the subject was mstructed to continue pedaling '-

- When the subject was ready, she began pedﬂllﬂg as fast as she could. At o

_for at least 2- 3 minutes Followmg the cool—down on the cycie, cach subject was @

- instructed to wallc around the room to prevent dtzzmess and to mtmmlze muscle .
- 'crampmg and st:tffness . '
o Revolutions were sensed by a photoelecmc sensor attached to the Monark -
= cycle. Photoelectnc tape was located along the crrcumference of the ﬂywheel B

o seconds of the test and was calculated by the followmg formula

PP = [(Resistance kg)(9.8 misect)(L.615 mrev)(# revs/min)(1 min/60 sec)

' Other values calculated werz mean power (MP) and fatigue mdex (FI) The MP - B _*
- was an average of the power produced in each of the srx, 5- second penods and 3
N calculated 1n the same manner as PP. The FI was calculatcd accordlng to the

followmg formula




~ Peak Power

_ Polar Vantage XL heart rate momtors were wom by the subjects on three -
'Idlfferent occasmns ‘The momtors were worn durmg a practlce a scrimmage,

o and an actual nonconference game Eleven subjects were momtored during a

o - team practlce for approxlmately one and one-half hours, 1 SUbJCCtS were

momtored durmg a scnmmage for approxnmately two and one-half to three -_
hours, and seven players were momtored in an actual game situation '
Apphcatton of the heart rate monitors occun'ed before the team practlce, .
scnmmage and game in the locker room. The transmntters were strapped .
around the chest as they were during the VOZ,]m tests. The rece:vers were taped I
' "wuh athletic tape to the bra strap of the nondommant arm and set to record heart ,
rates at mmute mtervals. The momtors were down—loaded to an IBM computer :
usmg a software program by Polar CIC TInc. (Port Washmgton NY) followmg
" ”each session thus, heart rate data were obtained from each subject
_ Smce the accuracy of multiple heart rate momtors when worn in close
'proxtmlty was quesnonable, heart rate values were consrdered valid when there
' were reahstlc values m the mmute values precedmg and followmg a partlcular
'value ‘More specrﬁca]ly, certam heart rate readmgs were excluded from the
data because they were consndered erroneous such as readmgs of "0" Or those
- ‘well above "200" ' These 1nvahd readmgs may have occurred from the subjects :_ |

belng m close proxnmlty or from a malfunctlon of the monitor itself.




Statistics
_ thta analyses were executed by the VAX bPSS mainframe computer
systcm. In addition to standard descnptwe stattstics the pre- and posttesting

~ values of each physiological variable measured were compared usmg a

dependent t-test wrth the BMDP stattsttcal package. The level of srgmﬁcance '

was set at 05 Standard descrtptive stattstics were also used for the hcart rate
data. A one—way ANOVA wrth repeated measures from the BMDP stattsttcat

package was used to compare maximal heart rate responses of the practice,

' scnmmagfe and game to the preseason Han establrshed durmg the \702max

tests Addtttonally, the Tukey post hoc procedure was applted to the HRm
data. '




CHAP I‘ER \Y

RESULTS AND DISCUSSION

Thlrteen members of the 1995 -96 UW L women‘s basketball team were
| studied to dctermine changes n both aerobic and anaerobrc power as a result of a

' Season of compettttve play. The athletes werc tested three weeks before the ﬁrst
' game and wtthm one and onc-ha]f weeks after the last game of the season. In o
: - addition to standard descriptive statisttcs dependent t-tests werc used to compare o
O pre- and postseason data, The level of srgmﬁcance wag 05 '
' In addltion heart rate monitormg took place durmg one practrce
scrtmmage and nonconference game The hcart rate responses durmg the _
aforementtonod situations were compared to the HRmx values establtshed durtng

the e prescason V02max test. A one-way ANOVA with repeated measures was '
- used to compare heart rate responses. ' '

1ca] hcn c mR ._
" The 1995-96 UW—-L women's basketball team posted an ovcrall record of

'9 wms and 16 losscs and a confcrence record of 5 wins and 11 losses The ﬁrst

~ game of the season was played on November 18, 1995 and the last game was

~ played on l’ebruary 24 1996 The team dld not compcte in any postseason

- toumament games The mean ago of the subjects (_ = 13) at the beginnmg of

'8 3 kg) thts difference was not srgmﬁcant (p > 05)




o The mean height welght and age of the subjects in thls study Were all
- wrthin the ranges of these variables menuoned by previous researchers of WIBP .
"in Chapter I, It should be noted that the team under investigation did not have '
_-any player taller than six feet. The mean helght reported by Smith and Thomas

- _ m 1991 was greater than 10 cm more than the mean height of the subjects m the

: :__eurrent study, while the mean wetght was also hlgher than that of the current
o study by 5 kg Htlgenberg (1988) did not report the mean helght of subjects
.~ AcrcbicPower
. All sub_]ects met the crttena for reachmg VOZ,,m as stated in Chapter o
. :IIII dunng ail tests There were no sigmﬁcant (p > 05) changes in any .
_. physiological components of acrobic power, RPE or total test time over the
. season Although the postseason value decreased 8 ml«kg*1 min, this was not
_Isngmﬁcant (p > 05) It appears that the effects of a soason of women's .
mtercollegtate basketball for 13 members of the 1995 96 UW-L team, namely,
- the tramlng durmg the season coupled wrth playmg a 25 game schedule were
' adequate to maintain then' a.erobic power Preseason aeroblc conditlomng
' consrsted of 1. 5 mlle runs three tlmes per week untrl October 1, 1995 and then
, aerobrc workouts occurred two ttmes per week untll October 20 1995 when
ofﬁcral practlces began (C A, Kennedy, personal commumcatlon November 15
1995) The preseason mean voz,,,,, value of 50 8 mi- kg 1. mm 1 indicated that
- '-the tcam had a good aerobic base at the start of the season. Based on norms '
establlshed by Shvartz and Reibold (1990), these players voz,,,,,, would place -

them m the very good“ to excellent" classrﬁcatlon The mean scores and

_ standard dcvratlons of the subjects’ physro]ogical responses to the \’Oz,m,l test B

| pre- and postscason are ltsted in Table 1.




Table 1 Meansa and standard devmtronsb of subjects (h[—l3) responses to
' \/OZ,WE test pre postseason '

Variable

VE .
(L mm“l

Vozmax '
(L-min-1)

VO
(ml-kg-!-min-1)

METS

HR_,,

~ (beats-min-1)
RPE

Total test time
(mtn)

The aerobic base" neccssary for basketball was mentroned by Stone and

- Stemgard ( 1993) who asserted that aeroblc trammg as a base for conditromng '

| allows the basketball player to practlce and play longer and harder and wuh less
: fatlgue Subsequently, as a result they suggested that there would be fewer ,-

. chances for 1n_|ury if a good aeroblc trammg program has occurred preseason




(Stone & Steingard 1993) Out of 13 subjects involved in the current study,
three suffered ankle sprains and one was hampered b}' an a"klc di51°°at‘°" N
- during the season, but the subjects were able to complete all testing procedures. |

_ Of all the studtes, Hllgenberg ( 1988) reported the highest VO;zjm,E for her -
) ll WIBP with pre- to postseason values of 53.9 to 53 7 ml-kg"!-min- 1

o respecttvely Smith and Thomas (1991) found a value of 51,3 ml-kg!- min- 1, but
_ the 31 subjects on a Canadlan natlonal team were not tested pre- to postseason.
o The sub_]ects involved in the current study had simrlar VOpmax values (50.8 to
- 50 O ml kgt mm l) thus were comparable to those subjects in both Hllgenberg
o (1988) and Smith and Thomas (1991) studies. _
_ It should be noted that the team at UW L studled by Hxlgenberg in 1988
~ played 38 games whlle the team in the current study competed m only 25 games
Furthermore there may have been a dlfference between the Hilgenberg (1988)

- study and the current study in the style of play G.e., runmng, fast -breaking style o

versus a slower, more controlled style) _
Conmdering results from prewous studles whtch mcluded pre- and
' postseason VO:Zlmx values of WIBP the ﬁndmgs from the current study were m .
;agreement wrth the results of the majonty of avallable llterature on thls topic that
\.702,[,llajll was not s1gmﬁcantly altered over a competltlve season Desptte the fact
1 that protocols time of testing, and mode of testmg were dlfferent VOyx
B testmg of aerobtc power for WIBP has usually remamed unchanged pre- to
' postseason (Earnest 1994 I-Iaklonen 1993 Hllgenberg, 1988; McArdle ot al

- i;1971)

In contrast Smmng and Adnan ( 1968) found that VO;,,m of WIBP

o tncreased slgntﬁcantly pre- to postseason for etght subjects however mgmﬁcant




1ncreases in selected cardiovascular and pulmonary measurements were not

found Cardlovascular variables determmed were blood pressure 30 seconds

after the end of the VOZmaJl tests and hemoglobin values. . Pulmonary vanables
| determined were maxlmai voluntary venttlation and forced exptratory volume..
- The authors suggested the small sample 31ze in addttion to numerous factors

' affectmg VOM, as explanatlons for lack of improvement in the cardlovascular

~and pulmonary measurements that would normally nnprove 1f voz,m increased,

" McArdle et al. (1 971) atttlbuted the lack of improvement in VOZ,W

- values as a result of a season of basketball to more than one factor. One factor h

- suggested was that the subjects were in a hlghly tramed state pnor to the start of

the season Another factor suggested was that the lntensny of women’ S

- basketball at the time was not high enough to overload the oxygen transport

system (McArdle et al,, 1971) However from heart rate data collected in the
same study, most subjects reached HR durmg game snuations but practtces
| were found to be ata moderate" mtens:ty ' '
Haklnnen ( 1993) suggested that the hlgh volume of trammg and the -
competlttve season constltuted sufﬁclent demands on oxldattve processes whlch
mamtamed the VOZM values throughout the season. ' | '
Vaccaro et al., (1979) did not conduct V02lmx testmg pre- and postseason . ,
N 'fwnth 15 subjects from the Universlty of Maryland women 8 basketball team, but '
| 'reported a team average of 49.6 ml. lcg""1m1n"l Wthh 1S smrlar to values fonnd by -
' researchers mentloned in Chaptcr II. The authors stated that an elevated VOgnm
.-had not been established as a prerequisue to success for women's basketball in

the U.S. A., because the game was sloll-oriented emphaslzmg shootmg, passlng,




_ . j .--_and dnbbllng These authors mdicated that assessmg aeroblc power would
RN become mcreasmgly 1mportant n women $ basketbail o '
o Hoffman, Tenenbaum, Maresh and Kraemer (1996) tested 29 male
. NCAA Dwnsicn I baslcetball players over a four year p-erlod Of those 29 '
' ."athletes 15 were tested in multtplc years for endurance Speed agtlity, and
| strength From the endurance testmg, the authors suggested that although
':'basketball players need a high aercbtc base, there is no addrtional beneht gmned .
- : ._ wnth an acrobtc capactty greater than those of college or professmnai players
. -The subjects completed 2 414 m runs lor performance times, and the authors
'claimed that the results were equivalent to a Vog,]m of 50 ml: k! -mln“ The
'l_results of the current study are in agreement with these ﬁndmgs.. It was _
O intereshng that the NCAA Dwislon III women 8 team m this investigatton had

o _'similar vozma,,_ values ccmparcd to the cstimated ‘\2’02mﬂm values of an NCAA

' Divlslon 1 men s team.

Anaemhlc.i?.cacr
Simllar to the aeroblc results in thls study, it appears that the basketball

_ -Prcseason anaercbtc traming consisted ot‘ sprint training two tlmes weekiy from
o eariy September 1995 untii October 1, 1995 and then three tlmes weekiy untli
- Octcber 20 1995 when ofﬁcial practices began. Weight training varied in
_ 'frequency preseasen and during the scascn (C A. Kenncdy, personat
ccmmunication March 15 1996) Thcrc wore no slgniﬁcant (> 05) changes '
m any of the power vartables as a t‘esult cf a season of ccm ive play. P
_ 'power incrensed slightly from 9. l to 9 3 t.'ttattsd(g“l pre- 1o postseasop, but thi
- was nct slgniﬁcant (p > 05) Mean power decrcased siightly lreni 7 0 ws 8




- watts-kg whtch also was not slgmﬁcant (p > 05) The mean scores and

- ﬁstandard dev1at10ns of the subjects responses to the ngate Cycle Ergometer -
- _Test are presented in Table 2 '

e o : Table 2 Means“ and standard devnationsb Of SUbjeCtS (N. 13) ph}’Sif’lOgical
o r;esponses to the Wungate cycle ergometer test pre- postseason o

~ Peak Power
~ (watts)

 Peak Power
(watts-kg)

Mean Power '
(watts)

Meﬂﬁ. Powsr_
_(-Wafts'-kg*‘)

Fatigue Index
(%)

Resistance

The subjects in the cunent study had peak power (PP) values above the
95th percentlle fer women both preu and pes*sessen according to norms

established by Maud and Shultz (1989) Also, the team average values of 463 1




- and 457 lwatts for mean power (MP) pre- to postseason wcre comparable to the -

85th to 90th percentile range for women based On norms reported by Maud and '
o Shultz m 1989

U sing the same ngate testing procedure as the current study,

o 'Hllgenberg (1988) reported a nonsrgmﬁcant increase in absolute PP from 618 6

o watts to 651.5 watts prc- to postseason for 11 sub_]ccts, but drd not report relative -

'_ values for PP MP or fatlgue index (FI) Thus, the only anaerobic power

vanable that could be compared between the study in 1988 by Hllgenberg and
‘the current study was absolute peak power. -

In the current study absolute peak power increased from 608 2 to 622 6

- watts prc- to postseason, but this increase was not signiﬁcant (p > O‘i) Thcse

' .values are somewhat lower than those of Hilgenbcrg (1988), but neither study
found signlﬁcant changes in thls variable over the season Although not _
' stgnificant, Hilgenberg (1938) suggested that the lncrease in anaerobtc power .
' B could be from an increase in anaerobic energy substrates dcveIOped over a
season of play. '
_ ' Halddnen (1993) used a 30 second maximal vertlcal jumplng test to
B detcrmine the anaeroblc power of 10 female basketball players from a team in an -
N ofiicial league in England pre- to postseason, Power output was calculated for
. two ttme periods (0 to 15 seconds and 15 to 30 seconds) and for total time.
-__ Significant o< 05) lncreases were found for the i’irst 15 second work period
' 'and for the total work perlod of ‘iO seconds Iiowever, these SllbjeCtS '
partlcipated in exploslve type strength trainlng during the season. Hakklnen

. (1993) suggested that lt was lmmsslble to determine if the increases in anaerobic




'power were from the strength traimng during the season, the dnlls in practtces, o

or trammg effects from actual games,
Eamest (1992) reported stgmﬁcant (p < 05 increases in both anaerobtc
power and anaerobic capacnty in 10 WIBP pre- to postseason. In thts study the
, o Margaﬁa-Kalamen stmr test was used to detenmne anaerobic power and the o
“' o thgate test was used to determine anaeroblc capacity The pre- and postseason
o values of 1243 8 to 1355 9 watts for anaerobic power in the 1992 study by -
A Eamcst were much higher than both the Hilgenberg ( 1988) study and the current
' -study Eamest (199?) stated that it was surprlsmg to find such increases in B
o R power because these mcteases would be expected dunng an organized preseason - |
'  . | condiuonlng program Possible reasons for Earnest (1992) ﬁndmg values more e
' _ __than tw1ce the values found in the 1988 study by Hilgenberg and the current '
- study include the testing protocol the state of traming of the athletes involved
o 'and the level of competition of the subjects. '
' Macl)ougall et al., (1991) suggested that the Margaria-Kalamen stair test
. measures short-term anaerobic power, whrle the ngate test measures
- intermediate anaerobic pcwer. The women studied by Eatnest in 199? may have
o achieved higher results in anaerobic power, because higher results are obtained
o _from the stair test versus the Wingate test ngher values could be achieved
',from the stair tost because the tost measunes the time it takes the subject to get
' from the third stair to the ninth stair and the entire body welght moves over &
| '-shorter dlstnnce than the distance covered in the Wingato tost, and the tost taltes
"less than one second to complete Furthermote, the stair test is not a continuous *
ioad test due to the fact tltat the feet are not alwnys in contact wlth the stairs
(i. e., as one is leaping fnom the thlrd to ninth stuir) Pedallng the cyclo




o ergometer for the ngate test is a nonwelght bearmg actwrty whereas the sta:r

 test allows a runmng start whlch 1mparts momentum to the subject

Maxnmal heart rate responses from the preseason vom test a pracuce,
a scnmmage, and an actual game were compared usmg a one—-way ANOVA wnth '.
- repeatcd measures. For the seven subjects that were monitored m all four
| __situations, srgmﬁcant (p < 001) diﬂ’erence was found among the HRm.l
va]ues (see Flgure 1) usmg the Tukey post hoc pm-cedure '

8o U
. EVENT -

Figure 1. Mean HR,,, vaiues for 7 players during the preseason treadmill
VO test and pracuce, scrimmage, and game situaticns. .

"*signlﬂcrmtly (p < 001) higher than TM and practice

HRy values dunng the scrimmagc ranged from 98 to 106% of the
' '-HRmu eslabllshed from the preseason V02m“ tosts, and HRmax values during
the game ranged l'rom 99 to 106% of the HRmml established from the preseason




VOM tests. Addmonally, hcart rate data fnom 11 sub_]ects were ccilected frcm N
thc prcseason VOm tcst, practice and scnmmagc as shown in Figure 2.
)
.

-Figurc 2. Mean HR,m vaiues for ll players during the preseason treadmill
' V02lmx test, and practice and scnmmage situations. : .

*signiﬁcantly (p < 001) higher than TM and practice

‘The Tukey post hot procedure reveated that the HRm,m values for 11

subjcctc achieved at the scirimmage were signiﬁcantly (p < 001) higher than the

' S-HR,m values at both the practice and the preseason Vozmax tests. These heart
- rates were taken ﬁ-cm data that includcd livc piaying timc as well as time cuts )
and half-timc, bccause the mcnitcrs were applied before the event started and

_ werc rcmcved in thc iccker rcom a fcw minutcs after the avent endcd




Heart rate data were mllected from one player durmg a practtce,
_scnmmage, and game (see Flgure 3). The preseason HRm“ determined durmg

| the preseason ‘\702,:lml test was 190 beats rnm"'1 for this mdmdual

10 16 20 26 30 36 40 4B 60 55 60 65 O 7E 80 85 80 85 100
| ' ' MINUTE | R

'-Figure 3, Example of individual player s HR responses during practice,
' scnmmage, and game situatlons. -

The higher heart rates found during the scrimmage and game for seven
_subjects as well as for the 11 subjects during the scrimmage in this study could
. ' be from the psychologicai stress that players normally face in competitive _
situauons. During the preseason treadmill VO, as tests, there was not any
| speciﬂc situational stress, The subjects were familiar with the requirements of
tha treadmill test and they were not neoessarily competing as they do In a
sctimmage or game situation. During practice situations, the team usually
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- executed dnlls, sprint tratmng, and 1ntrasquad play The scnmmage was the
o ﬁrst compeuttve situation of the season for the subjects that was not intrasquad o
o Posstble physrological explanations for the higher HR,m values during the f |
scnmmagc and game situattons mclude mcreases in sympathettc stimulauon and : o
o decreases in vagal tone as a result of the competition. -The release of the
catechoiammes can cause the heart to beat more raptdly and with more strength .
' McArdle et al (1991) stated that variations in one's emotional state mgmﬁcantly __
o affect cardiovascnlar responses, and cerebral tmpulses also cause the heart rate
.. ' to rise considerably m antnmpauon of exercise. The tn.,admtlt test requlred
) maximal exertion, but dld not involve the same psychologieal or emotional
_'.'dentands as competition Thus the players may have expenenced more -
sttuational stress during the scnmmage and game than both the practice and
ﬁ., treadnnll test causing occasional high heart rates.

. - It should aiso be noted that the HR,M values for any one player were not
sustained for any substantlal length of tirne This could indicate that during the
'gamc and scrimmage there were penotls of high intensity activnty, but this

' -actmty was not of sufﬁcient duration to equal that required of a VOgm test.
Moreover, even though HRm ¢ values during the scrimmage and game for seven
o subjects were higher than the preseason VOz,m tests, the heart rates durlng
' competition did not rise steadlly ns in a te eadmiil VO test since there are
| perlods of alternating types of netivity and stops in the game. '
_ o 'I'he heart rate ﬁndings of the current study are consistent with McArdle et
o al, (197 l) who used telemetry with six WIBP to obtain heart rate data, Heart
' rates from actual game play and time outs ranged from 105 to 204 bpm. When
_tlme outs and other breaks in play were excluded heart rntes ranged ﬁ'om 154 to




195 bprn These heart rates represented 81 to 95% of the HRmx values

- estabhshed from treadmtll tests The authors mentioned that there was

- _"oonsrderal\le vanabihty in heart rates between and wrthm subjects. Players

"1nvolved in the current study also exhibxted vanablhty in heart rates with values
“ rangmg from 107 to ?02 bpm.
Mclnnes, Carlson, Jones, and McKenna (1995) also used short-range :

. wlemetry to momtor heart rates of eight Australian male basketball players.

o '_'Heart rates wene recorded at 15- second mtervais during game situations The

average heart rate durmg live ume was 169 ;t_ 9 beats: min-1 Wthl‘l corresponded .

o | to 89 ;i:_ 2% of poak heart rates determmed by laboratory testing These '

researchr..rs concluded that basketball necessnates a high energy demand due to

" , -_consistently high heart rates. Even though the hrgh heart rates could have

- ;mdicated a high aerohic contnbutmn, psycholog:cal arousal can also mﬂuence
| '-the values (Mcinnes ot al,, 199.5) -
o Studres involvmg heart rate monitoring of basketball players during the
' "1990s (Mclnnes et al 1095 Terrados et al 1995) have found similar results to
those from the 19603 and the 1970s (Armstrong, 1964 Huchtson, 1969 '
' 'McArdle et al., 1971; Cant, 1965). The heart rate responses found in the
' current study are also consistent w:th the previous studies involving basketball
: players, It appears that the WIBP studied herein compete at high intensities as
indlcated by high heart rate res ponses during a scrimmage and a game.




CHAPTERV
SUMMARY CONCLUSIONS
PRACTICAL APPLICATIONS AND RECOMMENDATIONS

The purpose of thls study was to determme what 1f any, changes
o occurred in both aerobrc and anaerobic power pre-- to postseason in 13 members

-_ of the Universtty of Wisconsln-l.a Crosse women S basketball team, Aerobic

- power was determined by treadmill VOZ,,,,, testmg, and anaerobic power was

_determlned by the thgate cycle ergometrv test Aerobic responses measured
_ included vo,,,,,, expressed in both relative (ml ke 1, mm-l) and absolute (L min*- -
1) torms, HR,,,,,,, Vg, METS, RER, RPE and total trcadmill time. Anaeroblo
" A responses measured included both peak and mean power expressed in relative
(watts kg 1) and absolute (watts) tcrms, resistance, and fatigue index. A
| _ subpurpose was to monitor and compare maximal hoart rate responses from the
B preseason VO ey teStS, & practice, a sorlmmage, and an actual game.
Dependent -tests from the BMDP statistlcul program were used to
compare both aerobtlc and anaerobtc power prc- 10 postseason results with a level
of stgniﬁcance set a1 .05, A one-way ANOVA with repeated m_easuros and the

* Tukey post hoc procedure were used to make comparisons of the HR . data.
1. There were no slgnlflcant (p > 05) changes in any physlologlcal

components of aerobic power pre-~ to postseason, s0 the null hypothests
was accepted. '




There were no srgntﬁcant (p > 05) changes in any physroioglcal

o "components of anacroblc power pre- to postseason, so the null hypothesis

- was accepted
“For seven subjects, there was a srgmﬁcantly (p < 001) higher HR

'response in both the scnmmage and game srtuattons versus both the

. preseason V02m tests and the pracnce.

| For 11 suchcts, there was a stgmﬂcantly (p < .001) hrghcr HR .,

- response in the scnmmage versus both the preseason vozm tests and the

practlce. .

The results of thts study indicate that the preseason traming was adequate
~in cstablishing both aerobic and anaerobic power that were mamtained

'over the season for 13 mcmbers of the 1995 96 UW-—L women g

. basketball team.

'The training whrch occurred as a resuit of the team practices and the
garaes was sufﬁcient to maintain both acrobic and anaerobic power for 13 .
-'mombers of the 1995-96 UW-L women S basketball team. _

' Recommendations
A longitudinal study could be done in the future on any returnmg
' participants of the 1995-96 UW-L women's basketball team to compare
both aerobic and anaerobrc power at dlfferent points in the subjccts and

team’ S career ;

A study could be done comparing both aerobic and anaerobic power of

male intercollegiate basketball players to that of women players,




A repeated measures des:gn study could be used to make cornpansons

: '._._.Wthh may occur durmg the season itself, -
| A study could be done pre- and postseason with hlgh school femttles to
', compare phys:ologtcal values to those at the collegtate level
;A study could be done on an Amencan Olympto team to be comparod -
. w1th other 1ntemational data
_Heart rate momtormg of basketball players could be done durl ng the _
Wingate test and compared to heart rate responses from compentnon.
Submaximal testing of aerobto and anaerobic power could occur at

~ various points durtng the SEason as cheokpomts to monttot a team S
fitness, ' '
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LETTER TO COACH KENNEDY




- "P O Box 326
- -Fountain City', W .“Jﬁtol‘)

. September 22, 19

| .-:-Ms Cheryl Kemu:tw
- 'Head Women's RBashw (: nil f.‘loach
. Universxty of Wisconsin-t.u ("rosse
 Mitchell Hall
-“La Crosse WI 54601

Dear Coach Kenned y:

. I would llke to study aerolnc power and anaeroblc power durmg a season
of mtercolleglate women's basketball competmon, In this study I will measure
aerobic capacity and anaerobic power pre- ang postseason. '

To determme aerobic capacity and anaerobn. power, I would like to test
the women's basketball team pre- and postseason on the treadmill for VO,
and on the cycle ergometer for anaerobic power. Separate tests will be

o completed within two weeks of each other. Preseason measurements will be
completed before your official practlce begms. Postseason measurements will be'
completed 1-2 weeks after the season is over.

" From the preseason VOZm,x test, maximum heart rates of cach player
. wm be determined. Heart rate monitors will be used during selected practices
- and ga,mes to determme if maximal heart rates are reached.

_ I will be contactmg you with the specific dates that practice sessions can
occur and we can meet to detenmne specific dates for the testing.

Thank you,

Lori Kleinschmidt
AF/CR Graduate Student
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PHYSIOLOGICAL RESPONSES TO A BASKETBALL SEASON
- : INFORMED CONSENT

L would like to volunteer to participate ina

“study to determme the physiologlcal changes that occur over a basketball season,
This study will require the measuring of my maximal aerobic power (VOomax)

“and my maximal anaerobic power pre- and postseason. In addition I may be

; asked to have my heart rate monitored dunng pracnce and/or an actual game,

My maximal aerobic power (VOyp,,) wﬂl be dctcnmned on a treadmiil test
‘which will comtst of walking/running to voluntary exhaustion on a motor-driven
‘treadmill, After a 5-minute warm-up walking at 3.5 mph and 10% grade the
treadmill speed will be increased to a comfortable speed. This speed will be
- based upon how active I am as determined through various questions. Once this
comfortable speed has been determined it will remain constant throughout the
test however the elevation of the treadmill wnll be gradually mcreased 25%
~ each 2 minutes) throughout the test -

Durmg the treadmill test, my heart rate will be monitored contmuously wuh a

~ heart rate monitor strapped to my chest. Also I will breathe room air through a

mouthplece 50 that my exhaled air can be collected and analyzed. Although this
test will require maxnmal effort I understand that I can stop the test anytime I

- wish, As with any exercise, there exists the possibility of adverse changes
'occurrmg (i.e., dizziness, dlfﬁculty in breathing, etc.) durmg the test. In

addition, I will probably feel tired at the end of the test. If any abnormal

'observatlons are noted at any time, the test will be immediately terminated.

A Wingate cycle ergometer test will be given to determine my anaerobic jower.
This anaerobic power test will involve a short, no longer than 30 seconds, all-out
effort on a cycle ergometer after an adequate warm-up period. I understand that
- 1 will be required to pedal against a resistance as fast as I can for the duration of
the test. The resistance will be based on my individual body weight (i.¢., the
more I weigh, the greater the resistance will be). After the 30 sccond test I will
be required to "cool-down" until I have recovered.

This power test may make ray legs sore as would any high intensity, short
duration activity. This soreness is usually short-lived and generally will not
interfere with any other activity. I will be closely monitored after this test since




»

- some mdwnduals may experiencc nausea or become light headed lmmedtately
_ after the test, '

' 'Heart rates will be measured at various times during practice and/or game
situations using heart rate monitors that will be strapped around my chest. Other
than the possible discomfort of this strap there should be no interference with my

. abiltty to pIay

All practlce sessions and testing sessions will be scheduled at my convenience.
The tests and practice sesstons will be supemsed/conducted by Lori
- Kleinschmidt, a graduate student enrolled in the Adult Fitness/Cardiac
- Rehabllltatton graduate program under the direction of N.K. Butts, Ph.D,

1 consider myself to be in good health and fo my knowledge I am not infected
with a contagious disease or have any limiting physical conditioning or
disability, especmlly with respect to my heart, that would preclude my
participation in the tests as described above. I have read the foregoing matenal
and I understand what is expected from me, Any questions which may have
occurred to me have been answered to my satisfaction. I, therefore, voluntarily
consent to partlmpate in this test although I may withdraw at any time without
‘any type of penalty. Furthermore I understand that neither participating in this

~ study nor the results of these tests will influence my chance of being selected to
the 1995-96 UW-La Crosse women's basketball team.

NAME:

WITNESS:
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Borg's Rating of Perceived Exertion Scale (Borg, 1982)

6
7 Very, Very Light
9 ~ Very Light
10 .
11 Fairly Light
PR
13 Somewhat Hard
14
15
i6
17 Very Hard
18 .
19  Very, Very Hard

20






