ABSTRACT

LENCKI, T. P, The relationshi p between aerobic and anaerobic capacities in
‘wrestlers. M.S. in Exercise and Sport Scienc:e_-Huma’n Perft)rmancc.,- August 1997,

62pp. (N.K.Butts),

- The purpose of this study was to determine the relationships among physical ,
‘characteristics and aerobic and anaerobic capacities in wrestlers, A group of 15 male
- athletes between the ages of 18 - 27 years of age from the University of Wisconsin-
- La Crosse wrestling team volunteered for this study, A VO3 jux test on the cycle
~ergometer was used to assess acrobic capacity, and the Wingate anaerobic power test
- assessed anaerobic capacity. The average VO pnax for this group was 45.5
- mbkg™min", while the average peak and mean anaerobic powers were 793.3 and
621.3 Watts, respectively, The VO3 max values fell short of the average when
ccompared to wrestlers in other studies; however, peak and mean anaerobic power
values were well above the reported average. A significant (p < 05) relationship was
- found when acrobic capacity was expressed in absolute terms (L'min'ytobody
~ weight and lean body mass. No significant (p > .05) correlations were found when
these variables were compared to relative acrobic power, Significant (p <,05)
relationships were found between mean and peak power and the physical
characteristics of height, percent body fat, body weight, and lean body mass, When o
‘expressed in absolute terms (L:min™") VO, nux was significantly (p < .05) related to
mean and peak anaerobic power, These results reveal that an increase in physical size
(i.e., height, weight, and lean body mass) contributes to a greater absolute aerobic
capacity and anaerobic capacity. The finding that there were no significant (p > .05)
correlations between relative aerobic and anaerobic capacities of wrestlers in the

‘present study suggests that each energy system acts as its own entity.
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CHAPTER I

 INTRODUCTION
' Backg:ound '

Mdny phystcal actiwties mvolvo the Interplay of both aerooic and anaerobic

. energy uystems fButts 1990) Thew primary enoagy systems replenish muscle cellq '

_Wllll A I‘P which allows an 1nd1v1dudl to conlinuo oxermmng. The aerobic energy-

.systom f01 ploduolng ATP B domlnant when adoqudte onygen is delivered mto tho

. 'oell to meet energy producllon needs .s.uch as whon lhe muso]e 1S dt :est or during

- ,steady statc 6)(6[‘01&61. Organol]es called mllochondna are lhf" sites for derobic onelgy

' (ATP) ploduction (Koqich 1991) A V02 nax lebt 18 tho most froquently usod method

to assess an mdmdual s maximal chl‘ObiC capacity (Boulay et al., 1985), 'IhlS tost

ftequent]y applies a progrosswo workload that pushc.s the 1nd1wdual to exhaustion .

whllc dlrectly moasurmg oxygen uptake (Homwﬂl 1992)

In contrast the dnaerobxc energy system refers to the resynthesrs of ATP through

ChE:mIC’I] rcaotlons that do not require the preqence of oxygen (Willoughby, 1993)

Wlthout .sufﬁclont oxygon as when a muscle cell needs to genemte much forco ve:y

~ quickly, .such s hftmg A hc.:wy wolght the muscle cell shlfts to this anacrobic phase.-

"I he anaerobic ptoductlon of ATP ocou:s inside the ce]l'; but outside the mitochondria
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(Kordch 1991) A number of testing p:olocol.s luwe been developed fo: lesting

: dnaeroble capacity. Some of the.se tests include the ngdte unuerobte power (est,

Marganunl{ulamen power teet vettical Jump test and the 40—yard du.ah DeSp:te the

- numetou.s protocole there is no smgle be.sl pDWCI lest that cun be usod to measure '

unuetobtc powei as comptued to the VOz ninx test thdt S uaed to obtain chlOIJlL powu

The uuobic aud anuetoblc cnugy sy.stems |Jluy A Cr ucml role in m'uty spmt and

_'physicel dctiwttes (Butts, 1990), Athletes such as powelllftel..s, weightllttets and

“sprintere pledomln‘ttely use the anaerob:e energy system. On the other hund dth]cteﬁ -

parttclputmg in qports thdt 1nvolve runnmg, Cross couutry skung, eyclmg, und

swrmmlng for long distances rely prtmauly on the aerobic euergy system, addttlou
| to the dlfferent energy sy..steme u‘;ed these athletes very often hdve d:fferent

physiques.

Trammg for power (anaeroblc eapactty) tends to decrease the pe: centage of body N

fat by 1 mcreasmg the amount of lean muscle ttssue wrthout uecec;ezu ily ehangmg the
.'ab‘;olute emount of fat lheleby resu]tmg In an mcneuse in body weight (Horswﬂ]

, 1992) I‘or example, anuetobtc athletes tend to be larger and 5tronget than :1erob|c
athIetes, In 1991 Docherty and Guul found that body mass (i.e., helght and wetght)
the strongest predlctor of anaerobic perf(jrmancet In contrast, acrobic training
requires eousiderable expenditure of energy wh’ioh reduces body fat without
necessanly changmg the amount of musole, reeultm gina decrea-se in body weight

, (Horswﬂl 1992) Furthermore Avlomtou (1994) studted a group of swuumers and




“found that the mean body weight for long distance swimmers was lower than all other

~types of swimmers. It can be seen that the energy system an athlete uses most often

can have an imfmél on body nmss{ '

Wrcstlmg s & physlcally demanding .1p01t that requhc.s both aeloblc and
_an'tcxobw energy producuon. Power in wrestlers is associated wlth q.uick explo.swu
Imaneuvers that ]ead to control of thc Opponent Thb enelgyneces‘;ary tor these
mancuvets -19 derived from phosphagens (A’I’P -PC) dnd anaerobic glycol y.sh
Compared with othel uth]etes wmsllers dl]ﬂcl()bl{, pcrfonmfmc,cs are more snmllm to

power athletes than endumncc alhleteh (Hors.wnll 1992), Thc two most commonly

used tests to evaluate the maxu‘num dblllty of wr estlcrs. to generate pDWBI ;lnd use the

anaeroblc dnel gy system are the Margdrm-Kalamen stair climb and the ngate
anaerobic powcrtest. - .
The ability to sustain activity over the cou rse of match also requires the use of
the aerobic Cnergy,systém._ In COmpariSbn to other athletes, clite Wl'estlcl's have
| VOZ ax valucs that are average to above avcrage when compaled with untrained
. mdw:duals but are below average compared to endﬁrance athletes (Horswﬂl 1992),
The testing pxotocol for most studles (Horswﬂl Scott, & Galcd, 1989 Seals &
'Mullm 1982 Stme, Rdlllff Shlerman & Grana, 1979) conslsts oflunnmg on a
'Ueadmlll to determme V02 X It lm becn suggested by Horbw:ll (1992) howevel
'that A more valuable tool 1S the. evaluatlon of peak oxygen u ptake of .segments of the

'body (i.e., peak oxygen Uptake durlng arm and leg cyclmg)
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WreSt]ingcompetition isOrga'll'izetl by welght divisions, which provide a wiclc,

mge in bocly mass, I‘h:s range ln body INass may result m 0 <l|ltclencc in uuoblc and

o ‘anaerobie capaclties among ww.stlem. Allhough the extent to Wthh ;1thlelc.s uxc cach

of these ener gy sy.stem.s has bwn studied, there is Innited ILSCdlCh xegaldmg the

sought lo

'ielatlonthp bctwecn uuoblc lnd anacrobic capautlcs Therefore, this sludy

examine thc 1cl¢ttlonship between aerobic an(l mmelobic ca[mcsllcs in wwbllers.

Pu:posc of the S(le)j

The purpoqe of this study was to detel mine the rc]atlonbhlps among phy.slcul
charactenstlés aeroblc capacmcs measulcd on a cycle CII gometer, and anacmbw .
" capamtlcs as measured by a Wingate alme.rob'ic power test in collegc wrestlers.
Hypdthésis. _
The hypothesis of this study was: there will be no relationship between aerobic
~and anaerobic capacities in college wrestlcrs.
~ Basic Assum[;t ons '
The basic assumptions of this study were:
_ l_. All subjects reac.hedtheir true VOu ax and performed to the best ot their abil.ity
- during the Wingate anaerobic power test.
2. The Wingate anacrobic powler test gives a true measure of anaerobic power,

3. All subjects were healthy at the time of testing.




_Q_ lim tlons
* This study was delimited to: .
o, All subjects w;ére members of the University of Wisconsin-La Crosse (UW-L)
wrestling team between the ages of 18 - 27 years.
o 2. The subjects were volunteers and not randomly chosen, .

. Limitations
' 'The' _follo'wi:ng’ arelimitutions to thisstudy: '
| [ ThlS t;tudy conslsted of i .sample of wnestlets from the UW L wwstling team.,

2. Testmg was conductcd followmg the wrcs'.tlmg beason
Qg_l_’_igj__t_ion‘n of _Te'm)s

The following terms were used in this study: _ .
. Angelobic Capgmtg . Inean power determined over 0 30-second time perlod during

' lhc Wingate anaclobw power test,

_ College Wrgst!e a current (1997) member of the UW- L, wrestling team,

-?Fatigg ,____1__ d X - thelate, exptessed as npercentwge, at which powcr output dec]mes

- ',clurlng the coulse of the Wingmu anaeroblc power test,
'axnml OX' (&) U ke (VO; .,m) the nbihly of an athlete to generate aerobic
~ powet uaing Q progrcsslve workload on a cycle ergometer to exhnuqtion.

' -'Powu - the amount of fonce menquned 1) Wutla an ulhlete crm gener ate in & glvcn

pellod of time.

Wingate Anaerobi Powe Test ~ a (est to evaluato the nm'ximmn ability of an a’thléte
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'CHAPTERII

 REVIEW OF RELATED LITERATURE

" The purpose of this study was to determine the relationships among physical i
| characteristics andaercbic and anaercbic capacities in wrestlers, This chapter

- provides a review cf the aerobic and anaercbtc energy systems, thetr relationship, and '
- thc prctcccis used to measure them. In addmcn, a physioiogical profilc of wrestlcrs
including aerobic and anaerobic characteristics, as well as body composition, are

discussed,

The aercbic energy system fcr producing ATP is dcmmant when adequate I
oxygcn is delivered tc the ccll to meet energy production nceds, such as when the
' muscic is at rest or durin’g steady state cxcr'Cis'e. Organelles cailed 'mitochondria arc
the sites for acroblc cnergy (ATP) prcduction (Koswh 1991) This aerobic or
' oxidativc system s & low-pcwcr, high capacity system mainly associated with the
a N prolcnged excrctsc of an cndurance athietc (Bcuiay et ai 1985) A number of tests
.' are ayailable to nssess thc acroblc capacity of an individual. Assessment of aercbic .
- capacity fr’e_quc'ntl'y' appliesa progrcss'ivc .Wo"rklcad tost that pushes the athtete to

~ oxhaustion while measuring maximum oxygen uptake (Horswil], 1992), A VO3 mux




 testis the most commonly used method to assess an mdtwdual’s aeroblc capacuy

. (Boulay et al., 1985)
- E Aerobtc Testmg Protocols
Treadmd] ergometry s probably the most popular method for determmlng the
' aeroblc capacity of an indwldual and represents an efflctent, vahd and reptoducnble

'tool for V02 nax testtng (McConnell 1988) McConnell also stated that treadmtll

runnlug ellclts the hlghest values for VOz max 1N MOSt subjects.
McArdle, Katch and Pechar (1973) evaluated V02 max during six of the more -
o commonly used contmuous and dlscontmuous treadmtll and cycle ergometer tests.
,' Fifteen male undergraduate students from Queens College volunteered as subjects.
: The following V02 max (ESLS were used The flrst test was a continuous eycle -
. 'ergometer test that requlred the subject to pedal at a rate of 60 rprn. The workload
- was meroased 180 kgm~mln evcry 2 r‘nlnutes untll the subject was unable to contlnue
or the pedal rate dropped below 47 - 50 rpm. The second test was a discontmuous _
cycle ergometer tcst that lnltlally rcqulred the subject to pedal at 60 rpm at 2 kg for 5
mlnutes. After a lO-mlnute rest lnterval the resistance was lncreased to 3 kg, It was |
increased 18‘0 kgm'»'mln"t - th‘ereafter 'durlng each S minme ru'n until the subject wns
B unable to contlnue. The thlrd test used a treadmlll ergometer wlth the Balkc protocol -
'l‘he test began wlth a treadmlll speed of 3 4 mph while the subject walked 4 zero

percent grade for the flrst 2 mlnutest ’I‘he grade was then ratsed 2% and lncreased at a

,_ ratc of 1% every mlnute until the subject was unable to continue. The fourth test used




‘a treadmill ergometer With a'slightly dit‘fere’nteontinuous protocol w}tit:h required the
_,-"subject to run for 2 mmutes at 6 mph at 0% grade .The treadmlll elevatton was

B increased by 2.5% for each successwe two—mmute interval untrl the 'illbjECt could no
j_longer contmuel The fifth test used a treadnnll ergometer with a discontinuous
piotocol that mitlally requrred the subject to walk for lOmmutes at 3 mph at a 10%

n grade Wthhwus followed by a lO-minute rest lnterval -The subject then ran at 6 mph

at a grade of 2. 5% for 2 nnnutes. After another IOaminute rest interval the treadmlll

'-.'_was elevated 2. 5% for the next 2 minute, 30-e.econd run. This same procedure of 2-

' .'mmute, 30-seeond mns at higher grades with 10- minute rest periods contlnued until

- the subject was exhausted The final treadmill test wus also a dlscontinuous protocol
-requlrlng the subject to run at 6 mph for 5 mmutes at a 2-5% grade. This was 'I
followed by a 10- nnnute rest period The grade was then increased by 2 S% for each
_ euccessive S minute run, If the subject comploted a 5 minute run he was required to
attempt a run at the next higher treadmlll elevation. Expired air was collected during' -
ench of the last 2 minutes of each S mlnu'terun_at lower elevationsandeach mlnute .
~ between minutes two through five at higher workloads. The results indicated that all
mean values for VO, max On the cylee ergometer tests were slgnificantly loWer than
treadmill values. These differences ranged t‘rom 10 2 = l l 2% below values on the
treadmill running tests nnd 6. 4% below the average VO3 max ON the Balke walking test
There was 1 small dlfference between the contlnuout; and discontlnuous cycle

'_ ergometer tests, ho'wever. this dit‘ferenee was not signlfléant. In addltlon,no




significant differences were observed in the comparisons of voz nax Values between
contmuous and disconttnuous treadmtll runnmg tests. Howeve r, the mean values for

' VOZ max Were stgmftcantly lower on the Balke walking test in compartson to the three
| runntng tests. .

In an earlier study, McArdle and Magel (1970) compared VOz X durmg
treadmtll and cycle ergometry using 23 male students from Queens College. The
treadmill protocol began at a speed of 3 4 mph with the SUbjeCt walking at a 0% giade

' for the fl[‘St 2 minutes, The grade was then raised by 2%. with a l% increase pet

I mlnute unttl the subject was unable to conttnue. In instances where the subject

eontmued walking at the maximum elevatlon of the treadmill (22%), the speed was

-, increased 0 l mphmin’ untll the subject was unable to continue. A VO; inax was also

- determined by use of a contlnuous test on the cycle ergometer l‘he subjects pedaled

at a rate of 60 rpm, with the workload Increased by 180 kgm*min every 2 minutes

~until the subject was unable to continue. The tesults show that VO; max measured on _

the cycle ergometer was an average of 324 L-mln ' (4 23 il kg -min ') lower than

| _treadmill va]ues, with these differences being hlghly signlt‘lcnnt Differences ranged
5 from .5 - 20% below treadmlll vaiues in 21 subjects, and 2% and 10% higher in the .
” remalnlng two subjects. The two subjects having i higher VOz T on the cycle

.- ergometer reported to be involved in cycllng as a form of outdoor recreation. This
suggests that pert‘ormance on tlre cycling protocol may reflect a speclfic muscular

development that would favor those lndlviduals training ln this form of exerclse.




A study by Hermansen and Saltin (1969) using 55 subjects showed that VO, . .

‘while running on a treadmill uphill was .28 Lmin’ higher than on the cycle

- ~ergometer (50 rpm). However, the individual variation was large and the difference
I In VO3 jnax between the treadmill and cycle protocols varied from -3.9to 18. 7%. The

3 authors eonoluded that physlcal fttness level or type of physreal trainlng could have

' lnfluonced the results.. N I .

o Predteted VO? Tests
' Storer, Davns, and Catozzo ( 1990) developed an equatlon to predlct VO, max
- using a standard cyele ergometer graded exerc_tse test. Subjects eycled for 4 minutes
~ato Watts,_ thereafter,the cycle crgometer work rate increased ln l S Watt-min"
increments lllltll the subjeet reached exhaustion. A formula was developed usmg
| maximum Watts generated body mess (kllogrnms), and age (years) for eaoh gender
Slmilarly, an equatlon was developed using a 1 mlle traok walk to determlne -

_ VOz ok by Kllne et ul (198’7) Each subject pert'ormed two, 1 mlle welks on a
- measured track Subjeets were asked to walk as fust as possible, wlth elapsed time
nnd heatt rate used for nnalysns. An equatlon was developed uslng ttme. heart rate, '
welght. age, and gender. The results lndieste thut thls 1 mlle walk test protocol
- provldes A valld submaxlmum assessment for VO3 imax estimetlon. '
Grant. Corbett, Amjed Wilson, and Altchlson (1995) using 22 male subjects
' compared the methods of ptedlctlng voz AKX, Four aerobic tests lncludlng a _

' 'submeximnl cycle ergometer test mnxlmal trettdmlll tost (crlterlon meesure),
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- compared The flndmgs from this study indicate that the

~ these systems mnke up the anaerobic energy system, When a muscle cell need

The AT P-—CP system is a high power-

_ stores for a few seeonds while the lactic acid system is prlmariiy

multistage progressive shuttle run test and a C00per 12-minute walk/run test were

C00per walk/run test is the

best predlctor of VOg max when using the treadmill as the criterion measure.

Anaerobic Energy‘ System

The ATP-CP and lactic acid systems are the primary sources of ATP when there

“is not an adequate suppiy of oxygen to meet the needs of the muscle cell coilcctively,'

sto

. generate a iot of force very qurckiy in order to lift a heavy weight or sprint a short

~ distance, the muscle cell shifts to an anaerobic phase to produce ATP (Kosrch, 1991) -

Iow capacity system that can replenish ATP

mvolved in

.

defined or tested There | s no single, wideiy accepted test to mensure this

“phenomenon (Beckenhoidt & Mayhew, 1983)
Anaerobig Tes tlug Pro Qc_oi_ _

The Wingate anaerobic power 'te_st itas been accepted in laboratorics around the
world to assess muscle power, muscie endurance. and fatigabiiity (anaeroble power)

The test as described by Inbar, Bar—Or, and Skinner ( 1996) requires pedaiing Or arm

cranking for 30 scconds at maximal speed ngainst ¢ constant for ce This force is

predetermincd to yieid a snpramaxlmai mechanieni power nnd to induce a noticeable




~ development of fatigue (i.e., drop in mechanical power) within the first few seconds.
" The teSt is administered on :a" cyc_:le ergometer (e.g., Fleisch, Monark, or Bodyguard) '
 with data evaluated and recorded through the use of a microcomputer, The warm-up
. . usually consists of 2 to 4 minutes of pedaling interspersed with two or three “all-out
~ sprints” each lasting 4 to 8 seconds, Subjects begin the test by pedaling as fast as

- possible, when maximal speed is reached, the tester applies the full load of resistance
1o begin the 30 second test. Tho subject is instructed to pedal as fast as possible .

lhrOUgl.loutthe 30 seconds. Upon completion of the test a 2 to 3 minute cool-down of -

_ pedaling against a light resistance is prescribed. o

C‘hoosing i force settmg thnt eliclts the hlghest p0391ble peak and mean power is

' important. Using a Monark cycle ergometer the Wlngatc group originally suggested

075 kp: kg body mass (Inbar et al., 1996) Bvans and Qulnney (1981) studied male

physical educatlon studente and varsity athletes uslng y modlfied Monark ergomeler

The. resls_tance tliatyielded the-highest mean power was ,098 kp-kg" body mass whiCh

is equivalent to 5,76 J-Rev'!-kg BW. Murphy, Patton, and Frederick (1985) tested 19

_ phyleallv active military men to détermine the i*esistant:e that would elicit maximal
' values of power output. I‘he mcan reslstance cliclting tlle highest peak and mean
power outputq were 5.65 ancl 5.53 J Rav kg BW, respectively,

Eebjornsson, Sylven. Holm. and J ansson (1993) compared males and femalcsl

with slmllnr tralning backgroundq wlth regard to the relatlonshlp between anneroblc -

' perfnrmance and muscle chmacterlstlcs using the Wingate anacrobic power test.




Erghtecn male and 16 physrcally actwc fernales from a college for sports and physical
' educatton volunteeted to participate } m thc study Subjects pertormed three 30—-second
- all out sprints on A cycle ergometer separated by 20-mmute rest mtervals. Tne

, average peak and mean powers for the three tests were taken. . Needle musclc btopsres ,
: of the quadrtcep femorts and vastus lateralrs were taken at rest one ot two days betore
 the pert'ormance test. The results showed peak and mean power values for males to

be 927 and 677 Watts respecttvely, wh:le female values for peak and mean power

R wore 655 and 459 Watts, tcspectively When thcse data were related to body wetght,

~ the dtfferences betwecn genders wcrc smaller. There was ho difference betwccn the

 male and female subjects in either the relatwc ttumber of the dtffercttt muscle ftl)er '

' types or relattve fiber type areas, althoUgh total ctoss-sccttoual ftber areas werc larger _
in males. ‘The authors concludcd that anaerobic performance of both males and
females is dlrectly related to fast contractlle (Type II) metabollc properttcs of skeletal
- muscle. . -
Prlor to the Wingate anaetoblc power test, Matgarla, Aghemo, anc Rovclll ( 1966)
' developed a test for maximum anaeroblc power. Thc test required suchcts to run at
top speed \p ordlnary stalrs, two steps at 3§ tlmc. Tho tlmc it took to cover an even
B number of stalrs was mcasurcd uslng a ctock driven by a photoelcctrlc cell that
; emitted a llght beam across the stairs, The runnlttg subject lntetruptcd thls light
'.beam. The vertlcttl component was calculated by knowlng the vertical and horlzontal '

dlmenslons of the stalrs. t“or mcasurcment of power, the tlme it took t‘rom the fotirth




to sixth step was recorded The results of anaerobrc power are generally measured in

meehamcal work output (kgm'kgusec or Watt*.) The test does not require a

B parttcular sklll etther from the operator or from the subjcct the time required is very
' short and the data obtamed are very reprodumble. .
Beckenholdt and Mayhew (1983) compared different tests used to assess
: anaerobtc power. thty male athletes representmg Six sports where used to compare
_ the Margaria-Kalamen (MK) test, vertical jump (VJ ), standmg broad jump (SBJ), and
the 40 yard dash. The MK test was very snmtlar to the one describcd by Margarra ot
ol (1966) Electromc swrtch mats were placed on the thll‘d and ninth steps of a
. staircase with tlme recorded in 1/100 of a second “The subject approached the steps '
~from 6 mcters away and negotiated them three at a time, Ttme and vertical distance
- were measured The VJ WAS adndnistered through the use of a special platform that
' held a cloth tape and resistance roller devico. Ihe subject had ) l)elt around hls walst
wrth 3! Ioop that ran bctween his legs and attached to the cloth tape that was thrcaded .

“through the rollet devlce. After the tape was drawn tlght and measurement recorded

the subject jumped vertlcally wlth maxlmum effort, and the jump dtstance wais

"recorded The SBJ began wrth the subjeet assumlng a positton behlnd A Iine drawn on
A Tartan surt‘acet Shnultaneously, the subjt,ct jumped off both feet in a horlzontal
: 'direction as far as possible and jump distance was recorded The 40- yard dash was

run on an indoor track uslng photoelectric cells at the start and t‘inish to record tlme.

__'I‘he authors concluded that anaeroblc power Is not a factor that is easlly measured Iike o
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if the maJor concern is power developed through qutck movements, shOrt sprints and

Jumps should be employed

In a sirmlar study by Mayhew, Bemben Rohrs, and Bemben ( 1994) the degree of .

_ specrt‘rerty among selected anaerobic tests in college females was determmed The
tests were very srmrlar to those deserrbed by Beckenholdt and Mayhew (1983) In

| addrtlon the authors descrtbed tWo new tests for measurmg anaerobrc power for the

. 'Upper body the bench press power (BPP) and the seated shot put (SSP) The BPP

was a measurement of the time it took to maove the lever arm of 3| Nauttlus plute-
. loaded bench press machine through &, l9 meter drstance. The welght used was 40%
“of the subjeet S one~repetltlon maximum bench press. The following equation was

used to caleulate power: power (W) = Mass (kg) x 9 8 N. kg X drstnnce (m)/time 8),

'I‘he SSP test reqttlred the subject to sit with hrs/her buek agalnst o support with Lnees
flexed st 90 degrees. A 4.5- kilogrsm shot was used ttnd thrown as far as posslble.
The average distance thrown was used for snalysls. In coneluslon, the authors stated

, 'that the pattern l‘or the relutionshlps mnong the vurlous anuerobic power tests using

male athletes. Fmally. the authors stated that seleotlon of the proper power

depends on the speclflcity of the test to the sport pcrt‘ormance. .

Mttnnlng, Dooly Mannlng, and Perrln (1988) attempted to determlne the slngle




best pi‘ediCtor of aneer(')bie power;- I't' Was found that there is no single anaerobio

power test that can be used to measure anaerobzc power as compared to V02 i for
| obtalmng aeroblc power. Factor analysm, when applled to numeroue field and
-loboratory mmexoblc power tests, showed that unrelated aspects exmt among thcbe
tests and that they ate not measurmg similar qualltlee.
. _P_hysmlo 1cai_ Proflle of Wrestlers
Wrestling is a physieally demanding sport that requires an athlete to possess
- o.uperior strength and endumnce (Stme et al., 1979) Both aerobzc and anaerobne
energy productlon phy an important role in the sport of wrestling Powerm wrestlers
R as.eoomted with qutck explosive muneuvers that lead to control of the opponent
. l‘he energy 1 ecessury for these maneuve:s ls derlved from the phosphagens (ATP- CP) '
and nnaerobio glyoolysis. The ab‘ility to'sustain aetivity over the oourseof a match
- also requues the use of the acrobic energy system, therefore. the uctivlty of wwstlmg
s thought to contrlbute to the development of both anaerobie und uerobic ﬂtness in
addition to teChnlcaI skill deVe_l_opl‘nent (HorsWilI; l992), ' I I
Aerobic Charac eristios
In general, wrestlers have VO, o values between 50-60 ml-kg “"'min"l when '
' _mensured with a treadmill running protoeol (Horswill 1992) In comparlson to other
athletes, elite waestlers have V()z max valuea that are averago to above average when
. compared with untralned lndividuals but ate below averuge eompared to endurance o

~ athletes (H0|swill, 1992) Snltin and Aetrund (1967) lookcd at VOz max valueq in




other athletes. It was reported that cross-country skiers had VO, ;. values in excess

of 80 mliltg lmin’! withtiistance runners hnving values between _70-80 'ml-']-:g Lmin!,

- 'Sthmels VO, nax values avernge more than 60 mI kg ~mtn Wctghtllfters and
o sprinters have VO; wax Values between :_45455 ml-kg"-min" with the. lowest values
coming fromuntrainedsubjects who a’vei‘aged just over 40 mbkg ' min’!, Despitetitc '

use of the acrobic energy system, it appcms that oxygen upteke is nct a major

| detetminnnt of success between succcssf‘ul and nonsnccesst‘ul wrestlers (Honswnll

1992) Stme et al., (1979) and Horswtll et al. (1989) showed thnt at three Ievcls,

Olympic coilegmte, nnd scholasttc the VO; nax is ot stgnificnntly different between
successful nnd less successful ccmpetitors. . I

The protocol for most studies (Horswﬂl ot al., 1989; Scais & Mttilm 198 Stine
et al.. 1979) consists of running oh a trecdmill to dcterminc VO, nux The telcvancc of
such a test to the sport of Wtestling should be questioned Acccrding to HOISWIH
(1992) a more valuable tooi is the evaluation of VO, ,,,, usmg segments of the body
. (i e., VO; nax dnrmg arm cmnking and Ieg cycling) It was suggested by Sen]s nnd
Mullin (1982) that Voz i dctennlned on the treadmill is average but the nerobic
capacity of the isolnted upper body of trninec nthletes, such as wrestlers, might bc
',well above twernge. Soals and Mullin Iooked at the VO; ax vnlues attnlnefi in
diffctent types of exctcisc (.e., arm crnnkmg, leg cyclmg, arm and leg cranking, and '
ltreadmill ergontetty) nctoss groups of non-upper body trnmcd individunls nnd well-

trntned upper bcdy lndivldunls Amcng thc well-trntned upper body individunls were
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' 6.8 and 624, respectlvely The authors concluded that upper-body trained athletes
appear to attama hlgher VO: max than non-upper body trained individu'als whenever '
: the mode of exereise mvolvea substantial use of the Upper body musculature. It
I'should be noted that arm and leg cranklng combmed and treadmill running elicnted
o the highest VO2 m values ACr0ss all lndwlduals. - '
| | Horswnll et al (1989) examined the physnologlc work eapaelties of elite and
nonellte junior wrestlers. The VOz max Was determined with an lncremental treadmil] '

runmng protocol and was found to be the same, statistically, fm both groups, The

] ellte gloup averaged 52 6 ml kg min’ for VOz max compared to 51.5 ml-kg" -mln

= o for the nonelite group, These fmdings are in agreement with Stme et al (1979) who |

' '_'_reported nonslgnlﬁcant differenees between NCAA place winners (6l ml kg min )

o and qualrt“ iers who did not plaee in the NCAA tournament (approxlmately 57

" ml kg .min ')
, A study by Fahey, Akka, and Rolph ( 1975) measured VO: max values and body
f composmon of 30 exceptional athletes mcludmg wrestlers, who trained extenswely
N W1th welghts. A VO, max Was determmed on a cycle ergometer whnle subjeets
. performedmeremental work to exhaustlon wnth the hlghest VOz nax Values attalned

' by wrestlers (5,07 Lmin) and the Jowest by bodybmlders (3.49 L'min™!). The

o hlghest V02 max value was found in a 165 pound wrestlmg champion who usually jogs .




5 ~10 mllesdally in additlon to heavy welght training. The difference i'n VO, i.‘m
between the groups seems S to reflect the amount of acrobic activlty in their tmtnlug
programs. ' .
. Saltin and Astrand (1967) conducted A study that looked at VO; i in athletes,
- among whloh were lO wrestlers. Subjects who were prlmarlly runners performed
their maxlmal oxerclse on the treadmrll The rest of the subjects who we:e blcyclists
- or supposed to have very strong legs (e g welght lrfters, wrestlers, CrOss- country . .

B sklers, and sprinters) porformed maximal work on the cycle ergometer The results

showed that the wrestlers had a range ln V02 nax from 52 64 ml kg mm t Results

- of other athletes studlcd found that Cross- country skiers had VO3 max values in excess .

of 80 ml: kg nun dlstance runners had values between 70—80 ml. l<g ~mln while

welghtllftors and sprmters had VO, max values between 45. -55 ml. kg --mln .

In 1974 Gale and Flynn examlned the VO, mof hlgh abillty wrestlers who trled .
| . out for the U S, Olymplc teamt The l9 wtestlers vaned in helght and welght and had
a mean VO; max Of 53 ml kg -mm There were no dlfferences m the means*of the

aerobic capacrtres of the 48-100 kg werght classes of those who made the Olymp:c
- 'team and those who did not. These value  were found to be lower than thoSe of
" endurance nthletes, but similar to values"reponed for other wrestlers.
Anaerohic Characteristics .
* According to Horswill (1992) wrestlers’ anaerobic performances are more similar

 to power athletes than endurance athletes. Most wrestlers, at any level, exceed the




_ 65th percenttle of anaerobic capacity and anacrobic power of the Iegs. On the basis of

equlvalent bodyweights (W kg '), Bar—Or ( 1987) tcportcd that distance runners and

: ultra marathoners have leg power values of 8,9 and 9, IW. kg , respectively In

: contrast college wrestlers hdve value S of 9 4 W. kg The two most commonly used

_tests to evaluate the maximum ablltty of wrestlers to generate power and use the

anaerobic energy system are the Margaria—Ka]amen stalr cllmb and the Wingatc

' anacrobic power test. . o

. In 1989 I-Iorswill et al, studied eltte and nonehte junior wrestlers to identify

o ."physiologic differcnces that may contribute to success, The Wlngate anaerobic test

was used to measure anaerobic power The mean power, peak power, percent fatlgue,

and rnean power relative to bodywelght were calculated Thc mean anaerobic power .
'of thelegs was 467 and 540 Watts for the nonelite and elite wrestlers respectlvely

; The .werage peak power for the elite wrestlers was 672 watts while the non elite

N 'wrestlers averaged 569 Watts When power was expressed relattve to bodyweight the

- elite wrestlers had an average of 8.6 W. kg wrth the nonelite wrestlers at 7.4 W kg

'I“It was concluded that body composltron (1.e.., lean body mass and fat weipht) and
speoificltyof tralnmg of the wrestlers contnbuted to thedlfferenres in anaerobrc o
N power The authors assurned that thc elite group had a greater percentage of lean |
_ '-body .mass and, thercfore,mcre muscle contnbutlng to force productton
. A recent study conductcd by Terbizan and Seljcvold (1996) mvestigated the

phystologloai characteristics of 328 wrestlers grouped by age. Some of the




. physiniogicai characteristics mcluded body composition museulm endurance '

, ﬂexibtiity, and aerobic and anaerobic capaoities Anaerobic rapacity was testcd using N

the 30—second Wingate anaerobic power test. Workioads were set at approximately

. 0 05 kp-kg body mass for the arms and 0. 075 kp kg body mass for the legs. Mean

B anaerobic power for the arms was found to be between 363 9 and 432 2 Watts, while
leg powers nveragcd between 475 2 and 542 2 Watts It must be noted that the older

' -_age group (>i 7 years) achieved the highest mean anaerobic power with the youngest

_ | group (<15 years) receiving the lowest mean anaerobic power, In conclusion; the]_

"'authors stated that this difference in power between age groups was a result of more
' muscle mass in the older group . .
An interesting study by McMurray, Proctor and Wilson (i991) mantpuiated the
dlets of 12 coliegiate wrestlers to deterrnine the effect of short term dieting on aerobic

- and anacrobic exercise perfonnance The wrestiers were dividcd into two groups one -

E recewmg a normal dietary composnion (NC) and the other rcceiving a hrgh
' carbohydrate dlet (HC) The ngate anaerobrc power test was used to determrne

| peak and mean anaerobic 1’0 wer as well as fatlgue rate with the resrstance set at O 098' '

kp kg body mass. Both groups were pretested and 7 days later posttested The

average pretest scores for the HC group were 790 Watts (peak power) and 638 Watts

- *(mean power), while posttest scores were 802 Watts (peak power) and 640 Watts B

o (mean power) The pretest scores for the NC group were 928 Watts (peak power) and

712 Watts (mean power). whlle posttest scores were 898 Watts (peak power) and 667




N :- Watts (mean power) Dieting did not signitrcantly alter rate of fatigue of either group

The authors concluded that 7 days of calorrc restrictron significantly reduced total and B

- mean power output and also a trend in reduction of peak power of the NC group while

. the HC diet maintamed all power measures

Bodx Composrtlog

Optlmal body compoeition s aconcern of the wrestler because competitors are
N matchedby bodyweight The majorrty of wrestlers attempt to maximize the amount
of lean bodymass, minimlze the amount of body fat, and mimmize the total
: bodywcight (Horswul 1992) This increase in lean body mass, as dtscuased by
Terbizan and Seljevold (1996) and Horswull et al, ( 1989), can lead to an increased
. anaerobic power and, therefore, greater success Body composltion of wrcstlcrs has
' been assessed by ue:ng the crrterion method of underwater weighing, skinfold I
- thlckness skeletal wrdth measurements, and bloelectrrcal rmpedance.
thther measured 1n-season or off-season most wrestlers are very lean possrbly
due to the year round tralnlng and/or their gcncttc makeUp 0ff-t.easonvalues for
percent body fat mcasurcd by means of hydrostatlc weighmg and skrnfold calipers '
| range from 8- 16%, wrth well-tramed eubjccts tvplcally 3. 13% fat (Horswlll 1992)
: Srmilarly, Stme et al. (1979) found the competrtors at the NCAA Champtonshrps to
.be between 3.7 and 9, 2% fat y vra 9krnfold cahpert Sinnmg (1974) exannned 35
' . colleglate wrestlerb and found tho range to be 4.0- 20 5% fat with an avcrage of 8 8%

B fat via hydrostatrc weighing Frnally. McMurray et al (1991) found body fat in




collegiate wrestlers to range from 8.9 - IO 5% fat using the criterion measure of

- hydrostatic weighing
.' ' Relationship_ Betweenﬁt_erobrc and Anaerobrc Cap eities
Relationships can be shown among many fitness variabies 1ncluding aerobic and

) anaerobic performance, simply bnsed on body mass. The contribution oi the aerobic

energy sysiem increases with the increasing duration ot'_ anaerobic capacity' (Koairls et

' -produced in a 10-second test and 9 28% in a 30-second test, For a 90-second test,

'. ' the contribution of the oxidatlve (aerobic) pathway was shown to be 46% (Serresse, .

Lortie, Bouchard & Boulay, 1988)
Recently, Koziris et al. (1996) examined the relationship of aerobrc power to

anaerobic performance indices using 41 women and 34 recreationall y trained men.

Aerobrc power was assessed viaa continuous treadmrli protocol whrie anaeroblc

” power was determmed by a ngate anaerobic power test, Tc examme aerobic power

relatronshtps with anaerobto power at various phases of the test, mean power output

. was detern‘nned t’or a fuli 30 seconds. each of the six, 5 second segments, each of the

three lO second segments and both 15-second segments Fatigue was also caiculated _

_- from the Wrngate anaerobic power test Results indlcated that there was a trend of

stronger posrtive relahonships with mcreasing duration of ngate test segments (i e,

from the ﬁrst 5 seconds to the first 10 seconds to the first 15 seconds to 30 seconds)

"Also, the groups showed a trend of stronger posmve reiatronshtps for subsequent




- segments of similar duration (i.e from the first 5 seconds to thc second 5 seconds to
' the third 5 seconds, etc. ). In regards {0 fatigue $ stronger relationshlp occurrcd when
' thefatigue variable involved A segment from the latter part of the Wlngate testt This
study supports the concept that thcre is a decreasmg role of aerobic power with - .
. decreasing dtrrationof ananaerobic power fest, I
'I‘o estimate the contrtbution of the various energy systems during maximal work
of short durdtion, Serresse et al, (1988), submitted 25 male subjects to a V02 max test
~and 10-, 30—,- a_nd 90-second maximal test on a Monark cyele ergometer Results of l
' o the 30-second test indicated that the relative contrlbuticns of the energy systems were
i 23, 49, and 28% for phosphagenic, glycolytic and oxtdative pathways, respectively
For the 90- second test these esttmates were 12 42, and 46% for the three metabohc
| I. systems Durmg the 90-second test, VO; hax was reached after approximately 60
seconds It was concludcd that the 30-second and 90-second tests are not strlctly
anaerobtc although they all have large anaeroblc components This meamng that -

short bursts of intense eXercise utrllze prrmanly the anaerobic system however it rs

" not used excluswely
B'utts (19”90) examined 'the'relationship between aerobic and anaerobic
power/capacity in untrained males and females. The VO3 max Was obtained ona cycle

ergometer and cxpressed in absolute terms L-min™', ml-kg™-min™", and

- mikg" LBW-min™. Anacrobic capacity was obtained by a “all-out” 30-second burst

- ‘on a cycle ergometer with a resistance setting of 1.0 N-kg™! and 0.9 N:kg" for males




-and females, respectively I‘he foliowmg vatiabies were me*lsuled for each trial:

ave rage absolute power obtnlned in the 30 seconds, avernge power output eXpres ed

- relative to body weight average power output expressed relative to lean body welght

- _peak absolute power obtained during the ftrst 3 seconds, peak power output e'<pressed '

. relative to body weight and peak power expressed relative to lean body werght It

~ was found that when VOz max Was expressed relatwe to body wetght and lzan lJody

o wetght, all men’s power values were srgmfioantly higher than fema]es with the

exceptlon of peak power when expressed relative to Iean body wetght Body werght

influenced the power outputs dlfferently between the penders Bod y welght

- accounted for 62% of the variance in peak and dverage power in the females but less

than 5% in the males

relationship was found in the fen'tales This mverse relationshlp was also present

'when male anaorobic power was cxpressed relative to lean body welght A positive

. correlation was found between absolute VO3 max (L -min’") and peak power output,

' however, there was a gender dlfference The dbsoiute VOz max. (L min’ ) values were

srgnlficantly related to absoiute peak and average power m women but not men. In

o oontrast the men'’s VOg fiax (ml kg min™") values were srgmﬁcantly related to

relative peak and average power when expressed relative to body werghtr This was -

" not demonstrated in femaies The author concluded that thf re may be a gender

. '-'-differenoe in the nelatronshtp between eerobic and anaeroblo energy that is dependent '




- upon the method ofexpression. _
Katch and Weltman ( 1979) examlned the relationship botween anaerobic power
N output anaerobrc capacity, and aerobic power (voz max) The V02 max Was
I. determined by uung a contlnuous treadmill ergometor protoool An all out oyele

ergometer ride for 120 seconds wlth a fricttonal resistance of 34 kp-rev was used to

determme anaerobro oapaelty The inlttal 6 ser..onds of the anaeroblc oapacuy test was
sed fo calculate anaerobrr.. power C‘orrelations between the three estlmates holdmg

_body welght constant were r= 0 57 between V02 max and anaeroblo power output* '

. = 0 27 between V02 max and anaeroblc eapac.lty, and r = 0, 42 between anaeroblo

oapaoity and anaerobrc power output, The authors concluded that these data are

. supportwc of a specrficrty hypothesrs regardrng the three energy systems That is, .

- mdrvidual differences in the three energy systems are ossentlally unrelated to each
"other
' --Summa_ry

ATP must be produced n order for muscle to contmue workmg Musole cells

replenish ATP via the aerobro and anaerobrc energy systems (Kosich, 1991) I‘ he

aerobro cnergy system works in the presence of oxygen and prlmarrly durrng aotwrtles
_that are contmuous and long in duratron Treadmlll and eycle ergometry as well as
o different types of submaxrmal exercise tests are the means by which aerobrc capacrty

' :is measured (Grant et al., 1995 Hermansen & Saltin, 1969 Kltne et al., 1987

| McArdle & Magel l970 McArdle et alt, 1973 Storer et al., 1990). The anaerobre
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energy 'systein operates In the absence of osygen and 1s prlmarily involved in short

sprint and power performances. Comrnon testing protocols for anaerobic capaclty

-inc!ude. Wlngate anaeroblc power test, Margaria-Kalamen stah test vertical jump,- "

standing broad jump and the 40 yard dash to name a few (Beokenholdt & Mayhew,

- l‘)83 Inbar et al,, 1996 Margaria et al.., 1966 Mayhew et al., l994)

Wrestling s a physically demandlng sport that requires an athletc to possess .

. superlor strenr,th and endurance (Stme et al., 1979), Both aeroblc and anaerobic

energy production play an important role ll‘l the sport ot’ wrestllng In gencral

wrestlers have YO2 g values between 50- 60 ml kg min’ usmg a treadmil runnlng

protocol These valucs are average to above average when eompared to untramed
mdivlduals, but are below average when compared to erlduranee athletes Compared

,wrth other athletes, wrestlers’ anaerobtc performances are more srmllar to power

. athletes than to enduranee athletes Most wrestlers, at any level, exceed the 65lh

- 'percentilo of anaerobtc capacity and anaeroblc power of the legs (Horsvvtll l992)

| Body composition of wrestlers has been assessedby usingthe criterion method of

' 'underw'ater wei'ghing, skinfold thleknes's-' skeletal width mea'surements and

| btoelectncal 1mpcdance, Off—season values for percent body fat range t'rom 8- 16%,'

with well- trained SUbjeCtS typreally 3-13% fat via hydrostatle welghing and skmfold

eahpers (Horsvvlll l992 McMun*ay et al., 1991, Smmng, 1974 Stine et al., 1979) , -

Relattonshrps can be shown among many fitness varrables, mcludmg aerobrc and

. anaerobtc components simply based on body mass. The contrtbutlon of the aeroblc




cnergy system increases with i mereasmg duratlcn of anaerobte pcwer and anaerebic
-eapacity teqts (Kcziris ot al., 19%) When tlie relationahip between aelebte and
anaerobic capaeity was studied among males and females it was found that there may
be a gender dlfference ln the relatlonship between aerebic and anaeioblc energy that ls. _
' dependent npon the method ef expresslon (Butts, 1990) Finally. Katch and Weltman
N _ (1979) are supportwe of a specificity hypethesra regardmg the three energy 9ystems.
I That ls mdlvrdual dlfferenees in the three energy .systems are eesentlally unrelated to

each other.

In Sum'mary,' this chapter Ihas attempted to review the lit’erature regarding the

aerohic and anaereblc energy systems the protecole used to measure them, and thelr '
relationehip wrth each other. In addltion a physnoleglcal proftle of wrestlers
mcludmg aerobrc and anaerobic charaetertstles as well as body compcsnion was

'- dtf;cussed
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CHAPTBR II[
METHODS AND PROCEDURES
I ntroductl()n

The pu:po.sc of this .study was to dclermlnc the lG]:IllOl]bhl[)S umong phymc'll

chmdctc:lqlica 'md acrobic and: anae:obic capacmes in ch&tlclb Fhlh chaplu WI”

descube the Imlhocls' used in: a) body compomtlon dctelmumuon b) VO*: i

testmg md C) the deter mllmtlon of anaerobic p(JWGl ublng the ngatc anacrobic

power test.
_Pilot Study
A pllot .study was undeltaken to velify that all m.strumenta and p’ro'(':cdurcs '

functmned p:operly and thdt the testb were cor! ectly ddmimstered Thc pilot study

.mcluded two students from the Umvcrmty of WISCOIIMH La(Jro.s..sc (UW- L) The

“subjects signed dl] mformed coment after a wrltten dlld verbal explanation of thc 3

procedures and pntentml usks had been eXplmned (see Appendix A) The subjects

. completed i VOz max test on the'cyclec_rgomcter. One week later the subjects were

asked to r¢turn to complete a Wingate anaerobic power test. Data obtained from

the VO, |,u _tc.st and Wingate anaerobic power test were c'onsi'sten't with that fdu'nd

in the ._l,llterature.-. Moreover, 'th_e prOtoCOl used for each test seemed to challenge the




subject in the appropriate time frame, therefore, no further testin g Was necessary.

Testin ProCczdurcs
R :' Sub'cc_l Selection
 Fifteen members of the UW-L wrestling team between the ages of 18 -27
: ..voluntcel-ed fo.- -this study. All silbject_s signed an informed cm\sem prior tb_
art:cipdtlon (see Appendlx A) in accordance w1th Unwe:slty poucy
Tcsting Schedu] .
Upon approval by the Instttuuonal Review Boaxd thc subjccts were mformed

of this study at their weekly wrest]mg meetmg Followmg a bnef explanatlon of
_ the study, the wrestlers welé asked o mgn up for one of the two testing scss:olns
? An mformdt:onal sheet cXplalmng the testmg procedures was handed out to all who
agrced io paiticipate (see A]’)pendix'B). The su_bjects werethen t’old that the date
and time for the sccond session would bedclermincd after comp];cli()n of the f’il?st

. scsslon. The test:ng sessions lasted approx:mdtely 15-30 mmutes dependmg on the
. test to be takcn. The V02 X testmg session iasted 30 mmutes while the Wlngate
~ anaerobic power test and the bod'y fat testing session_IaSted 15 'minutcs. The
“sessions were catried out over a period of one month after the wrestling season,

' Testing Sessibhs ' .
The testing was conducted over two sessions. One session included a VO, .
“test on thé cycle ergometer. The second séssion included a Wingate anaerobic

‘power test and measurement of body composition using Harpenden skinfold




callpers. The scssions were conducted as follows:
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regardmg the testing ptocedures were ﬂtisweted at this llme.
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- questions_the hcight and Wcight of each Sl'lbjeCt were recor‘ded (see Appendlx C)
The data for he:ght and welght were enteled into the Qulnton melabollc cart

(Quinton Instlument Co., Bolhell WA) to deter mine the reldtwe and absolute
VOz MK reaprratory exchdnge l*alio (RER), .«,md ventrldtlon (VE)

' The test was per formed on d Monmch cycle el gometer according, to the
fo!lowmg protocol, During the teat, all subJects wore a tlghtly ntted nosc cilp to
prevent the Iedkage of air from the nose. Exprred gas was drrected via a rubber .

mouthprece and p]astlc tubmg towards a Qumton Metabolic cart (Qumton

, Instrument Co. Bothell WA), The gas dndlyzers were cahbmted prior to each test

. usmg gases of known percentageb prewously determmed by the Scholander
techmque. The oahbratlon of the f!ow meter was done usmg 23 000 hter eynnge
pump at varrous flow rates. All subjects received a 5 mmute warm-Up at a ped'llmg

rate of 60 rpm and a work]oad of l kg (360 kgm min’ y prlor to the dctual test-

Followmg the warm- up, the subjects performed the maxnmdl test pedalmg nt a rate

i of 60 rpm. Imtlaliy, the resrstancc remamed at I kg and then was increased '75 kg

_every 2 mmutes at 60 rpm untll vohtlonal exhaustron. Subjects were verbally




- t,ncoumged throughout the test, The test was termmuted when two of the followmg

- threc crltcrm wcre met 1) 0 pldleau or Ieve]mg off (<150 mI mm ') of V02 X Wltll

mcmasmg work]oad 2) RER gmatet lhdtl 1.0; or 3) a RPE of 19 and VOIIIIOI‘Icll

- (?.XhIIUbthn. Hcmt mte was :ecmded usmg i Po!m Vantage XL hcarl rate momtor
 ; (Polar CIC Inc., Port Washmgton NY) and mtmg of pelceived exertlon usmg the

' Borg -scale was recorded at the end of each etage untll exhauqtlon. .
o Sessmn ._#2 Upon - um ival _to 'thc Humnn_ Perform ance Laborntory, body
compomtlon was measured. Body compositmn was calculated usmg an cquutlon _

| 'upphcublc to the college wle.stlmg populat:on (Smnmg, 1974) =], 1030 .

. ) 0008 l 5 (): 3 skmto!de) + 0 00000084 (Z 3 .skinfolds) The tuceps subscapuldr

and abdomen s,klnfolds were used for the calculution. Skmtolds were me'lsuled
- thtce consecutwe times and an aver 1ge "tuke'_n.. The trlceps skinfold -WIlS measured
. oh i\ vemu\l fold on thc postenot' mldlmc of the upper ar m (over the mc.eps
B mus'clc), lmlfwuy betwecn the acmmion and olccnanon proccsses. The subscnpular
-l ,.t.kinfold wis tnken on a dlagmml llne coming flom the vutebral bordet to l to 2
cenumeters ﬁom the mterior :mglcof the scnpu!u. The ubdomuml skinfold was .
meuquled on i verticnl fnld :aken at a lateral distunce of upploximutely 2 .

.centlmetem from the umbilicus on the rlght side. Aftcr the skinfold menxutcmcntb

_ wuc tnken any qucstions regmding the Wingate testing procedure were unsweled at

this tlme.. '




Wing ate Aneerobie Power Test .

| The test was performed on a Monark cycle ergometer. A det,ktOp computet ;md-
” seftwate package (Sports Medieme Induetrtee Ine., St Cloud MN) wue u.sed for

timmg, control and data tlchISltIOIl by readtng the output of the countet at the end
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of each eeeond of the test. The aetuat test was preceded by a3 mmute warm- llp ttt

300 kgm mm". The warm- Up was 1ntetspersed by two all ottt bursts of 4 to 8

| eeconds resulting in a heart rate of ttpptommtttely 150 l( 0 bpm. After thtb Wdl m-.
up the subject rested for 2 mmutes*. The test begtttt wtth the subject pedtthng ity ftttst B
S possible, resmtattce was ttdded and the .subJeet eentmuetl for 30 seconds.
force setting that would eltcit the htgheet peseible peak power ttnd mettn power to:

. an athlete was determined This settmg was detet mmed by the followlng formulu. _
wetght of the subjeet multlplied by .098 (Ewms & Qutnney, 98 l) Afte: 30

_. eeeonds the resistance was temoved and the eubjeet wis msttueted to cool- dewn

. for an additional 2 to 3 mtnutes. The followmg pertormance variablee welre .

ettlculated peak power (1. e., the hlghest S seeond powel eutput) tmd mean power '

(the avemge poWet dttrlng the 30 .seeond tebt) exptessed in thtts. Fatigue index
was also caleulated ag the dect‘eaSe in power b’et‘ween peak pewer ttnd the last 5-

- second power output expressed s a percentuge.

Descriptive statistics were used to chatacterize the subjects. A Pearson product

moment correlation coefficient was used to determine the relationship beuween
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"_-_aeroblc and anaerobic capacmes. Statlstlcal analyseb were done by computor us*mg

B "the btatlstlcal Pdckage for the Socml Scnenceb (SPSS) The level of sngmﬁcance was

”'-,set at p < 05




'CHAPTER IV

RESULTS AND DISCUSSION
_ lnltroduction'

The purpose ol‘ tlns study was to detormme the rolat:onshlps nmong phymoal

charactorlstlcq and aerobic and anaeroblc copacmes in wrestlers.

This chapter

mcludcs & prooentatlon and dlscussnon of the data colleoted

Ph ‘ilCd] Choraoterrstics

A grOUp of 15 male .subjecls* between the agcs of 18 — 27 yeurs of age from the

UW-L wreqtling team voluntecred to part:mpato in this <‘.tudy. Meo'ns-. 'standord

devlations, and mngos of their physical ohmacterla(lcs are preqemed in Table 1.

Although potcent body f ol of bubjwls in thla study was cletolmmed llSlllg skinfold

pnedlctlons, fmdmgs wele very slmllnr to pubhshed u,ports of w:estlinp pomllanon..s.

_ Hor.e,wlll (1992) reported off-senson values of percent body fat mnged from § — - 16%,

; whlle well-tralned wrestlots mnge from 3 - 13% body fat vin lwdrosmtlc weig‘hing

and qkmfold collpels. In another study, Slnning (1974) u.sing the cr lteuon mouuuc ol‘

' hydroqtotnc wughmg exumlnod collegiate wrestlots and found tho body fat to :angc

' -'from 4.0 - 20 S%l Finnlly, McMuxray et al, (l99l) found amngo of 8. 9 10.5%

body l‘ot among collegiate wrestlels vie hyd:o.slutio welghlng The diffelonccs among

,theso hllldl(‘S mnay purtlnlly be due to the nmom, of mensunomcnt Allhough

hydro%latlo welghlng Wi lound 1o bo hlghly comlutod wlth .sklnfolcl cuhpolo,-




- Table 1. Physical Characteristics of Subjects (N = 15)

Y . - .t

o Vaible  Mea  Standard

Deviatlon
Age (yr's)
 Height (in)

- Weight (kg)

% Body Fat

| -. \.?at mttone will occur in percent bedy fat w:th the use of these d:fferent means of
- mettsutement (Vemll ¢t al,, 1994) .
It must be noted that bedy fat was messured app:exxmately 3 to 4 weeks after the
'cempletlen ot the wreetlmg eettsen and the values were still similar to those p:esented
- by ptevteus stutlies. Kelly, Gerney, ar] K.alm (1978) 1epelted that bedy fat did not
I change for college Wtest]ets durmg the wrestlmg season when cempared to the off-
_eeusen. The authors attribute the lack of change to the year round conditienlng of the
- W|est!ets. The percent bedy fat of tlte wtestlere In this study s cemparable to thosoe of
o ether sports whete Giada et al, (1996) tepmted soccer players and bedybullders to be

11,8 ttnd 12.8 % bedy fat. respectively Kehtt Mu!ley, Dal.sky, und Hellosz.. (1992)

and Giudu el al, (t996) fettttd the uvetage eedentm y male between the ages of 16 and

Y te bo 17 3% bedy fat, whic]t I greater lhﬂn the values found fon wrestlers in lhlS

' study. This dtffetence {8 mest Ilkely due to the eenditienlng pregrttms thet the

wreqtlets follow.




N Aergbj_q;ohamererisrics
The means, .st.-.mddrd devrutlons. and ranges for the VO; inax test data are pr%emed o

n Table 2. The average VOz v for thlb EI‘OUP was 45.5 ml kg min thh s qurte

-srmrlar to the valueq Seals dnd Mullm (1982) reported for their wres‘.t]err, (454

B ml kg -~m1n l) when usmg i cycle ergometer protocol however these va]uee fal] short

~of the average when other studies are compared For example, Saltin and Astrand :

. (196 ?) tested the V02 max OF wreetlere uqing a oycle ergometer protocol and found

- VO ) max valueq to rnnge from 52 64 ml: kg ' min Similarly, Gale and Flynn (1974) _

y : _found the average V02 ik of hrgh abrhty wrestlers to be 53 ml: kg min'!, Other

. results,revrewed;mclude -_5.07 L;min‘ ([:ahey at al,, 1975), 51 5 - 52'.6 mlkkg"-'min"
~ (Stine et o!., 1979), and 57-01 ml. kg -min (Horswill 1992), It muqt be noted,

. however, that the results of the last three studles used a treadmill ergometer as the
protocol It is generally accepted lhat the VOQ mox obtained on a treadmrll test

i :averages approximutcly 10% higher than that during a oyele test (McArdle et al.,
l 1973) In some cmee It has been reported to be as mueh 0s 21 % higher (Hernmnsen
& Saltin, 1969 McArdIe & Magol 1970) When the voz v valuer. of wrestlem in
“this study are compmed to lhoso of uvemge individunls nnd other athletes, tho results '

: m'e mixed Zutl und Corbin (1977) found the average college freshnmn to lmve 1\

VO; max Of 40 2 mls kg min’! using a cycle ergometer: 'I‘hls valuo i3 much !ower than '

the 45.5 ml. ke i found for wrostlers In th|s study. Wrest!ors were found to hrwe .




o T“ble 2. Means, Standard Deviations, and RangeS'of the VO3 yox Test

_ Variable S Mea ' _Smnda’rd
e Deviation

. -. VO, (L'lﬁih‘l)

VO, (mlkglminYy

- Vo, (ml: kg LBM ' \min""y

slmllur VO; ihax vuluec when compared to bodybuilderq (44 2 ml: kp -mln "y and.

- ..sedentmy mdivlduals (42 6 ml-kg"' 'mm 1y, however, when compmed to 500061
. players (52 4 ml kg ‘min ‘), distance runners (72 7 ml. kg ~min '), and 9printers (53 5

I -ml kg -mm l) the va!ues are much lower (Giada ot al., 1996 Perez, 1981) The

]ower V02 X vn]ues found in w:e';tlers when compnre(I to the other types of athletes
muy be 0 le.sult of the wrestlers dwoting less time to serobic tratning, Purtllet*:nore,
the Wlebtlel‘b usecl in thm study compete in Diwsion ]| whcre skill level may not be as

high whlch may lend to the lower VOs mix values wher eompnred to other studles.

' Anaerobic Chatacteris IL

I‘he menns. .stundmd devmtiom, and mng,es of the Wingate annerobio power teqt

“duta are pxesmled in 'I‘uble 3, The nverugo peak power on the Wingute annerobio

power test was 793 3 Wntts and avemge Imean power was 621,5 Watts. ’l‘hese values

are well ubove lhose 1oported by other studies, (Hoxswill ot al., 1989); Telbizan &




Variable

~ Peak Power (-Watts)'

{4 Mean Power (Watts)

o Peak Power (Wikg“le) '

~ Peak Power (Wkg'LBW) 11,25

Mean Power (Wkg'BW) 7,74

6.14 - 8,73
Mean Power (W-kg 'LBW 7.60- 10,15
~ Fatigue (%) 19.20 - 47,20

- I i ! : . P

- ‘, Seljevold 1996) Horswill et al. (1989) exumined elite and nonelite wrestlers ages

14 -18 and found Mean nnaeroblc power to be 540 and 467 Wntts. res,pectively The

average peak powe| for ellte and nonelite wrestlcrs was 672 nnd 569 Watts,

respectively AL.,e must be tnkcn into conmderation when comparing these variables,

The uverage age for qubjects in the plesr.,nt sludy was 19,6 years, while ages ranged

- from 14 - 18 in the study by Hox.swill et al. (1989). ThiS incteuse in age may feﬁ““ i"

a gzeater perccntnge und totul amount of lean body mass for thc ,subjects In this study.

An Increase In lenn body mass allows for more musele to contribute to fonce

ptoducuon. Shmlarly, - lbiznn and Seljevold (1996) looked at mmerobic capacities

of wrestlms and found Inean anuerobic power to range fr_om 4,'75.2 and 1542‘2 Watts’,




. ' wnth the h:ghost power occurrmg In the older age gl‘Ollp (1 €., 517 year'; of age) Tho

‘tuthors conoludod that the difference in power between nge groups is a result oi more '
muscle ma.ss m the o]dor group Tho rosults of a study by Mt.Murray et al ( 1991)

- were more comparable to the re.sults found in this study McMurray et al, found that
ooliegiato wret:tler:, on i hlgh carbohydrate diet had an averagepoak anaeroblc power
~of 802 Watts and J mean anaerobic powor of 640) Watts. B .

It must be noted tlmt the type of training each wret.tler uses may havo an 1mpact

~on the umount of unuorobic power pioduced by each athleto. For exampie, one

. ':piuticulal p:ogmm might empha.size more welght training ruther than cardiovasculm

1 nmmg leuding to an mcreased ublhty to generate anoelobic poweri

Tho force settmg used dm ing tho Wingate anaorobic power test mu.st also be
taken into comldernnon when compuring results of other studies. A variety of force '
' | scttings are de%mibod in the litcmture (Evuns & Quinnoy, 1981, Homwnll et al,, 1989 '

-'-Inbur et al., 1996; Patton Mmphy, &Frederlck !985 Telblzan & Soljevold 1996)
| -Thcse sotting..s range from 075 kp kg body woight to .098 kp kg body weight Tlm.
" study chd f fmce .s.etting, of 098 kp kg body wcight beoauee of its application

' towmd an nthletio popuintion. Slmllmiy, MoMurray et al, (I99 ) used a force sotting _
ot’ 098 kp kg body woight glving results .simiiur to thoso of this study. belccting the
' “optimal forco uccording_to tottll body Mass 'mny not be the best upproach, and perhaps
l fat-free mass or mu_sclo mass may be a better alternative. For practical purposes,

however, the use of body mass as A ctiterlon seems reasonable (Inbar et al,, 1996),




Correlations Among Ph . srcal Characterlstlcs and Aerobtc and Anaeroblc C pacitte

Correlatton coeff wtents among physiological charactertsttce nnd results of the
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The oorrelatton coetﬂctente between phy.stcal char tcteriatto.s (I.G,, bodly fat,
hetght and weight) and aerobtc capaetty are lmted in Table 4 As eapected mgmfteant
relat 1onsh|ps (p < OS) were found between aerobic capuclty expteased in abaolute

terma (Lenm Y, hody weight, and lean body mass. 'I‘homae, Cox LcGalVetde, and

S tmth (1989) found sunllar correlations in a study conduoted on the Canadtan

' National Judo 'I‘eam. Judo is a aport very snmtlnt to w:et.tlmg and mvolvea the use of

both aerobic and anaerobie energy ayatems It was found that absolute V(| 2 max

¥
(I...rmin ) tnt'reased mgniftcantly (p < 0001) with inoreaqmg phyaica! size (r*- 81)

Thet;e results auggest that an inc:eaee it phyaical size. due to both body weightand

lean body mass, oonn ibute to a gtutter abs.olute VOq e

In contrast o slgniflcant (p > 05) conelatlons were found between relative
aerobia capacny (enpteesed ln ml kg -min and ml- kg LBM" min” )u.nd tlie phys'tcal'
characteriatics of body t‘at-, helght weight and lean body mass, Cotw tsely, I‘homas

L.t al (1989) found 6 .signlficant (p <. 0005) lnversa relationship between theae




~Table 4. Correlation Matrix for Physical Characteristics and Aerobic Vari ables

Variables (1)

(D Body welght

(2) He:ght o
 (3) % Body Fat

(4) Lean Body Mass
~ (5) VO, (Lmin ')
- (6) VO3 (mlkg ™ min ')

'  - (7) V02 (ml kg LBM *mm

*1_-: 05

varlableq. The authous speculated that thmr fmding of 1elatwe acrobic powcl bemg

) nwersely 1elated to physmal aize. wis llkely Q functlon of a greater proportlon of body _

' 'fut in the lurger athletes,

. Ph"si_cal Ch:-.u*ucleris,_lcs and Anae crobic Capaclg}: B

The correlation coeft"iléients between physical characteristics and anaerobic
capacily a're Iisted in Table 3. Significant relationships ('p < 05) were fo'un'd between
' mean mmcrobic pPOWer und the physical clmlactcnsllcs of height. perocnt body fat,

R Ibody weight and lean body mass, Slgniﬂcant (p < 05) relationships also exibted
bclwecn peak mmeloblc power and the sume physical clmrncteristice, (hetght percent '
_ body tnt body weig,ht zmd lean bodv lll!le) Thasﬂ_ signific'nnt relationships between

mensmes of physicnl qize and ulmolute unaembic capucny are i good cxumplc of how

an mcreusc in physical stze contrlbutes to a grenter nnuetoblc capacity,




- Table 5. Correlation Matrix for Physical Characteristics and Anaerobic Variables

D@ We O m® © a)

(l)Body weight - .69 J72% 95% 7 - 82% 1126

- (2) Height o I " , ."-01 A7
~(3) %BodyFat A8  56% .14 S5% .15 37
(4) Lean Body Mass o 7 ~06 .19
~(5) Mean Power (W) . - y 87% 34 Ik

- (6) Mean Power (Wkg™' BW) , ~ .88% 18 .66* 55+
(7) Mean Power (W-kg'! LBM) 43 55% 0

~ (8) Peak Power (W) ' . 46 72¢
~(9) Peak Power (W. kg'BW) o S 85
;j(IO) Peak Power (W kg'LBM) o . o “

Otho: inveatlgmo:.s have also concluded that an mc;easo in muscle nass and/or
physical slze leads to glenter force productxon (Horewlll ¢t al., 1989 Terbmm &
Seljovold 1996) In contrast Butts (1990) found no correlations betwee body
‘weight and ponk power (r= 04) and absolute power (1= .04) 'I‘ho ..subjocts In that

:.- .study. howovor, were untmined males while the current study unlized colleginte .
w:o'stlets. . .

In contrast, no algniﬂount (p > 05) couolntions were found whon mean (r = 22)

- nnd peak powers (1= ., | l) whore expro..ssod relatlvo to body weight. 'I‘ho flnding of
ho cot rolution betwecn ubsoluto body weight and mean and peak powor oxprossod
' lolntive to body weighl may be due to the reslstance usod during the anaorobic powu* '

test Pntton et ul (I985) found that largo indlvidunl varinbllity nmong subjects extsts




~ when choosing the reelstance that produces maxnml power output und that load eould
not be relmbly pxe(hcled usmg body we1ght . . .
,Aeroblc Capacit _an'dAnaerobic Ce”acit '-

"The co:relatlon coefﬂclente between derobic power (L min”’, ml kg ~mm , and

ml kg LBM ~mm") to absoiute and re]atwe peak and mean annerobtc powe|

_variublee are shown | In lable 6. When expressed in absolute terms (Lmin’ '), VOz mx

.was, mgmﬁcantly (p < 05) reluted to meun (r =.67) and peak (r = 57) ameroblc
power, These wue the only sigmfncant relatlonshlps found among ueroblc and
' unnetobic cupacmee. _

Hom theee results It can be seen thut an increase n VO3 i (L~min ) 18 relatcd to
an increase i anaerobic power. This is evident from the significant correlation
between absolute _VO;; ?...m (L-min") and mean and peak anaerobic powers.

__I*uuthel more, in the pILSLIIt study it was found that a8 physmulsm mc:enses $0 do

'anueroblc power nnd ubsolute VOz ok (L-mm . Thm explains the elgniﬁcant

-relationshlp between ubsolute V()z max and 'ab_selute 't"netm nnd peak powers.

When nelobic and unueroblc vminbtes were expresaed relntlve to body welght, no '

.- mgmt‘icant relutlomhip:, wele found In contrnet, Kateh nnd Weltmnn (1979), uemg
enclulancc trained subjects, found an inverse relatlonshlp between these vnrlﬂbles,

_ ' while Beuluy et al, (1985)_ and Butts (l990)_fout)d | peSiItive i*eletienship us_i'n'g '
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R | Varittb]e

(D VO (Liminy - 52% 6o% 67

~ (2) VO, (ml. kg"-min"') - 92% .05 4
~ (3) VO, (! kg LBM""'min’) 18
 (4) Mean Power (W) '
~(5) Mean Power (W- kg" BW)

- (6) Mean Power (W-kg'' LBM)

P (7) Peak Power (W)

(8) Peak Power (W. kg BW)
(9) Peak Power (W-kg" LBM)
(10) (10) Fatigue Index

<05

Tl el

tmtmmt,d indwiduals. Thts dtscrcpttncy may be due to the en hmtced oxidative
' system ttnd decteused gyicolyttc mttscle metabolism of tha endttrtmce tlamed sttbjectt.
_ (Boultty et al., 1985) Baqed on liter tttme. It was t.urprtsmg that no signiftcmtt
relationships were found m the prﬂbent study, as relative aerobic and anaetobic values
- for wrestiels in the present study were simtltu' to those i m the studie': by Bouluy ot al,
and Butts. '
The finding that lhcib were no signiticant (p > 05) coneiutmna between n,iatwc
ttetobic and ttnaetobic capaclties of wrestlers in the pre.sent study suggesm that ettoh
encrgy system nets a8 llh own cntity I‘itis, Is it agteemont with Boulay et al, ( 1985),

. where it was statcd that tito low common variance betwcmt act obic titld mmeiobic

power Suggests timt therc I8 con.siderttble specificity between these two properties.




F urthermore, Katch and Wcltman ( l 979) are supportive of a SpClelCit)’ hypothesm

- rcgardmg thc ATP supply systems which may due to the nature of the muscle fibers

necessary for completlon of acrobic and anaeroblc type work
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SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

- Summary

“The purpose of this study was to determine the relationships among physical

- characteristics and a’er‘obic and anaerobic capacilies in wrestlers, A group of 15 male

athlgt‘es between the ages of 18 - 27 years of age_fmm_ the Un"iversity of Wisconsin-

La Crosse wrestling team volunteered for this study, The testing was conducted over
_two sessions, . One session included a V02 nax tEst on the cycle ergometer to assess

* maximum acrobic capacity, while the second session inci']'uded a determination of
-_b'o'dy'co'mposition' and the Wingate anaerobic power test to assess maximum
‘anaerobic capacity. Data were analyzed using descriptive statistics é'md Peaifson .

‘product moment correlations.

Agrobic Characteristics

The average VO, yax for this group was 45.5 ml-kg"-min” with a range from 31 4

. ~53.9 mlékg“l-min",- ACCOI‘ding to Seals and Mullin (1982) the average VO, ax for
“wrestlers when using a cycle ergometer protocol was 45.4 ml-kg"\min’' which s

almost itl_éntica! to the mean values found in this study. ‘However, th'ese values fall

short of the average when results from wrestlers in other studies are compared (Fahey




¢t al., 1975; Gale & Flynn, 1974; Horswill, 1992; Saltin & Astand, 1967, Stine et al.,

1979),

Anaerobic Charagcteristics
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The average peak power on the Wingate anaerobic power test was 793.3 Watts
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with a range from 594 — 1 033 Walts, The average 'me_an power was 62| .3 Watts wi'th
a range from 469 - 773 Watts, These values are well above those reported for
wrestlers by other studies (Horswill et al., 1989; ’I‘erbizan & Seljevold, 1996), bul
similar to McMurray et 'a.l. (1991). The increased power value’_s from wrestlers in fhis
study may be due to a greater amount of Iéan body mass. This Increase lean body .
mass allows for more muscle to contribute to forC,e production. In addition, the
choice of force setting may 'hé.ve had ah impact on the power output that was

' generated,

' - Physical Characteristics and Aerobic Capacity

. Significant (p < .05) relationships were found between aerobic capacity expressed
in absolute terms (L:min™") withbody weight and lean body mass. These results
sugpest _that an_inCrease in physiéal'Size, due to both bodyweight and lean body mass,
contribute to agreater absolute VO, max. In contrast, no correlations were found
between relative aerobic capacity (expressed in ml-kg ' min™ and ml. kg LBM " min™")
and the physical charactéristics of body fat, height, weight, and Jean body mass.
Physical Characteristics and Anaerobic Capacity

Significant relationships (p < .05) were found between mean anaerobic power and




thc physical charucteristice of helght perccnt body fat, body wclght and 'Ieatt body

o '.mdss. Slgnlllcant (p < 05) relattonshlp:, also exlsted between peak mmcrebic power

i L]
i

AT
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absolute anaerobtc capaCtty are a good example of how an increase in physwal size
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contnbutes to a greater anaerobic capacity, In contrast no correlatlom were found
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whcn mean and peak powers were expressed relatwe to body wel ght The fmdmg of
no correlatton between absolute body weight and mean and peak powcr cxpre.s.sed

relatwe to body wetght may be due to the force eettmg u.sed durlng the anaclobtc
powcr tc.st since tt was d:rcctly related to body weight (i.e., .098 kp: kg body welght)
Ae:obic Capacny and Anaerobtc Cdpdmtz
The only signlficant (p < ,05) relationships found between aetebic and anacrobic
- capacities occurred when absolute VO, |,y (L:min"') was correlated with mean and
Ipeak‘ anaerobic power.. From these results it can be seen that an increase in VO, .i;ax
(Lmin™") contributes to an increase in anaerobic power. The relationships between
acrobic ittdices and mean anaerobic power, when expressed relative to body weight
and lean body mass, were not significant (p > .05). Furthermore, the correlations
between aerobic indices and peak anaerobic power were not significant (p > .05). The
finding that there was no significant (p > .05) correlation between relative aerobic and
anaerobic capacities in the present study suggest that each energy system acts as its

own entity. This is in agreement with Boulay et al. (1985), where it was stated that
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the low common variance between acrobic and anaerobic power suggests that there is
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 Conclusions
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The results of this study indicate th’at the mean values 'f'or acrobic capacity were
lower than the averages found for wrestlers in most other studies. However,
~anaerobic cztpacities were fdund to be higher when compared tb other wrestlers,
Thesé differences could be explained by the' diversity of subjects (i.e., a'gc and skill
leve! of wrestlers) that I'were' examined in other studies, as this study dealt with only a
DiviSiOn III collegiate population. Also, testi"ng was conducted in the off-season h
_'When the 's"ubjiacts may not have been as physically fit, Furthermore, thc variety of
' f0rce_seltings used during the Wingate=zanaerobic power test may have an impact on
the maximal power output obtained by wrestlers,

‘The only significant correlation between aerobic and anaerobic Capat:ity was
found when both were expressed in absolute terms. These resnlts reveal that an .
Increase in physical size (i.e., height, weight, and lean body mass) contributes to a
greater absolute aerobic and anaerobic capacity. This increase is likely due to the
increased amount of lean body mass to consume oxygen as well as a greater ability to
produce force. When aerobic and anaerobic capacity are expressed in relative terms,
no significant correlations were found, This finding suggests that each energy system

acts as its own entity; however, no energy system is responsible for 100% of the work.
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_lj’_rggt_l_gjgl Implicalions

It can be seen that there is some overlap between the use of each of t_he.lhi*ce

_en’ergy systems duri'ng'a'ctiv.ity. However, to properly train a specific energy systém,

one must employ a training strategy based on the energy system used mOSf frequently.

Wrestling is a unique sport i that it uses both the aerobic and anaerobic energy

systems. It is important for a.wrcstlﬁfto train each of these systems separately in

order to be successful,
‘Recommendations for Futuré Studies
. Bas'e_d on thg results of this study, the following recommendations for further
research are made: -
" Conduct this study during the wrestling season to get a better estimation of
- aerobic and anaerobic capacities,
Expand the testing procedures to include the use of an upper body power and/or
aerobic test. The use of these additional tests may provide différent results due to
the extensive use of the upper body in the sport of wrestling.
Use a treadmill tzfgonieter protocol to assess aerobic capacity. This would allow
for a better comparison with other studies, as many use the treadmill protocol.

Bqdy fat should be determined using the gold standard of hydrostatic weighing.
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~ INFORMED CONSENT

The Relationship Between Aerdbic' and Anaerobic Capacities in Wrest]crs.
o Principle Investigator: Tim Lencki ' '

' Is_ I e - | ._ , have volunteered in'this stiidy to
determine the relationship between aerobic and anaerobic capacities in wrestlers, |
am aware that involvement in this study will require me to participate in one VO3 ,,,,

test on a cycle ergometer as well as one Wingate anaerobic power test.

~ The VO, jny test will consist of a five minute warm-up at a workload of 1 kg (360
kgm'min™'} and a pedaling rate of 60 rpm. Following the warm-up, the test will begin
at the same rate and workload, however the workload will increase ,75 kg every two

“minutes until I reach volitional exhaustion, During this test my heart rate will be

monitored using a Polar Vantage XL heart monitor. Additionally, I will be required

to inhale and exhale air out of a mouthpiece. The Wingate anaerobic power test will
involve a short, no longer than 30 second, ali-out effort on a cycle ergometer after an
adequate warm-up period, The resistance will be based on my individual body
weight, -

Associated with any exercise are risks such as dizziness, shortness of breath,

- hausea, and fainting, The Wingate anaerobic power test may make my legs sore as

- would any high intensity, short duration activity, I understand that I will feel a __
considerable amount of fatigue following these tests, however, I can terminate the test
at any time without penalty, All data obtained from this test will be held confidential,
‘but may be used for publication purposes in anonymous form using only group data,

- Time will be allowed for me to thoroughly stretch to help minimize the risk of
injury. As mentioned earlier, a five minute warm-up will be given prior to the

VO2 max test and the Wingate anaerobic power test. During the stretching and warm-
up period I will be able to ask the experimenter any questions I might have. The
questions will be answered to the best of the experimentet’s ability.

I acknowledge that I have read and fully understand all the statements above., I

also acknowledge that all my questions to this point have been answered, therefore, |
give my full consent to participate in this study.

Signed;_____~ - Date:

Withess: o | - Date:
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'TESTING INFORMATION

CONTACT PERSON - TIM LENCKI 788-1287

~* THETESTING WILL BE COMPLETED OVER TWO DIFFERENT SESSIONS.
(TOTAL TIME OF APPROXIMATELY 45 MINUTES) .

~* ONE SESSION WILL BE A VO, pax TEST AND THE
~ WILL CONSIST OF A WINGATE ANEROBIC p
THE DETERMINATION OF BODY COMPOSIT
- CALIPERS. S '

L. THE VO, max TEST WILL BEGIN WITH A FIVE MINUTE WARM-UP
- FOLLOWED BY THE ACTUAL TEST ON A CYCLE ERGOMETER
~ PEDALING TO EXHAUSTION., THE RESISTANCE WILL BR
INCREASED EVERY TWO MINUTES. THIS SESSION SHOULD
LAST 30 MINUTES. - S -
- THE WINGATE ANAEROBIC TEST WILL BEGIN WITH A THREE
'MINUTE WARM-UP ON A CYCLE ERGOMETER FOLLOWED BY A
TWO MINUTE REST PERIOD. THE ACTUAL TEST WILL BE AN

- ALL-OUT 30 SECOND BOUT ON THE CYCLE ERGOMETER, THE
- RESISTANCE WILL BE SET ACCORDING TO YOUR WEIGHT.,
THIS SESSION WILL LAST 15 MINUTES,
I WOULD SUGGEST THAT YOU WEAR SHORTS AND A T-SHIRT ALONG
WITH A PAIR OF RUNNING SHOES. IF YOU WANT TO TAKE A
- SHOWER THEN BRING A TOWEL, '

REMEMBER THAT THE BEST AEROBIC AND THE BEST ANAEROBIC
SCORE WILL RECEIVE A $ 10.00 GIFT CERTIFICATE FROM PIZZA HUT.

THANK YOU FOR YOUR HELP. IT IS VERY MUCH APPRECIATED.
THE DAY AND TIME OF THE SECOND SESSION WILL BE DETERMINED
AT THE END OF THE FIRST SESSION.

THE DAY AND TIME OF YOUR FIRST SESSION IS:
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 VO; Max, WINGATE, AND BODY COMPOSITION
 DATASHEET '
. _Weight_ —
- Max Heart Rate___

Resistance ~~ RPE

4
5

Actual VO3 Max

~ WINGATE ANAEROBIC POWER TEST
Weight ____ Workload____ '

Peak Power______ MeanPower________ Fatigue Indox____

BODY COMPOSITION

Tricep skinfold - Sumof 3 skinfolds __ )
Subscapular skinford ____ ~ Percent body fat____
'Abdomen skinfold L

Eyuation used: D=1,1030 = 0.000815 (3, 3 skinfolds) + 000000084 (¥ 3 skinfolds)






