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Measuremento正anaerobicpowerinlnen

andwolnenwithexcessweightexperimentally

equated

ＨｉｒｏｈＹＡＭＡＭＯＴＯ＊・ＮａｏｍｉＫＡＷＡＭＯＴＯ*＊・ＳｈｉｇａｋｏＴＡＫＥＵＣＨＩ**＊
ＭａｓａｍｉＴＡＫＡＮＯ***＊

ＡＢＳＴＲＡＣＴ

ＴｏｓｔｕｄｙｔｈｅｅｆｆｅｃｔｏｆｅｘｃｅssbodyweightexperimentallyequatedonAnaerobicpower，
AnaerobicpowerbyMargariaPowerTｅｓｔｗａｓｍｅａｓｕｒｅｄｉｎｔｅｎｍａｌｅａｎｄｔｅｎｆemalestudents

undersixconditions:(1)withnormalbodyweight,(2)withweightequaltolO％ｏｆＬＢＭ,（３）

similarly15％ｏｆＬＢＭ,(4)similarly20％ｏｆＬＢＭ,(5)similarly25％ｏｆＬＢＭａｎｄ(6)similarly
30％ｏｆＬＢＭ・Accordingtoaddingweight,MechanicalPower(kgm/sec)formaleincreased
andMechanicalPowerforfemaledecreasedlnanyconditions，AnaerobicPowerformale

washigherthanthatforfemalebyaboutlOkcal/kghAnaerobicPowersimilarlydecreased
formaleandfemaleaccordingtoaddingweight・ThisindicatedthatAnaerobicPower

decreasedbythesexofthesubjectsregardlessofaddingweight・Inconclusion,theresultof

thisstudyindicatedtherewassexdifferenceonAnaerobicPowerbyMargariaPowerTest．

Atadolescence,body'fatofgirlincreasesremarkably・Generally,physicalworkcapacity
forfemalefallsatreachingadolescence・Curetonetal.(1980)6)reportedthatexcessbodyfat
influencedonperformanceofdistancerunningandl2-minrun、Previousstudieshaveindicat‐

edthatexcessbodyweightinfluencedonaerobicexercise8)21)．Physicalworkcontainsaerobic

processesandanaerobicprocesses9)．Asforthesetwoprocesses，Astrandetal（1970)2）

reportedintheirT2肋００んｑ/Ｗ/ｂ沈別ysわゎ9Ｗ《Duringlightwork,therequiredenergymaybe
almostexclusivelyproducedbyaerobicprocesses，butduringmoresevereworkanaerobic

processesarebroughtintoplayaswelLAnaerobicenergy-yieldingmetabolicprocessesplay
anincreasinglygreaｔｅｒｒｏｌｅａｓｔｈｅｓｅｖｅｒｉｔｙｏｆｔｈｅｗｏｒｋｌoadsincreases.'，

Theeffectsofexcessbodyweightonphysicalperformancecapacityhavebeenstudiedby
Keys(1959)'3),Johnsonetal.(1968)'2),Parizkova(1961)20),andmanyotherresearchersuptonow、
Therelationshipamongbodyweightandphysicalactivityhasbeensystematicallystudied,ｆｏｒ
example，ｉｎｍａｔｕｒｅｒａｔｓｂｙＭａｙｅｒｅｔａｔ.(1954)'7）andadolescentgirlsbyBullen（1964)3)．
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IncludingbyCuretonetal.(19784),19795),19806)),manystudieshavereportedsignificant,inverse

relationshipsbetweenbodyfatnessanddistancerunningperformanceorrelatedtestsof

physicalworkcapacity・Inaerobicexercisetherelationshipbetweenbodyfatandperfor‐

mancehasbeenstudiedalittleForanaerobicpower,themethodsofmeasurementhavebeen

investigatedanddevisedbyMargariaetal.(1966)'5)'6),Ikutaetal.(1972)'0)u),Nakatou(1980)'9)，

andothers、Asmentionedabove,therehavebeenmanystudiesonmaximalAnaerobicPower

andbodyfat,buttherelationshipbetweentheseｔｗｏｐａｒａｍｅｔｅｒｓｓｅｅｍｅｄｔｏｂｅｓｔｕｄｉｅｄｎｏｔｙｅｔ、

Ｎｏｗ,doesexcessbodyfatinfluenceonperformanceofanaerobicexercise7)？Thepurposeof

thisstudyistostudytheeffectofexcessweightexperimentallyequatedinmenandwomenon

AnaerobicPower．

ＭＥＴＨＯＤＳ

TenmaleandtenfemalestudentsmajoringphysicaleducationinKanazawaUniversity

servedassubjectsinthepresentstudy、Thephysicalcharacteristicsofthesubjectswere

showedinTablel・

Inordertoestimatebodydensity,accordingtoNagamineetal(1964)'8),skinfoldthicknes‐

sesweremeasuredwithaHarpendencaliper・

Bodydensity（male)＝1.0913-0.0016×(Ｘ＋Ｙ）

（female)＝1.0897-0.00133×(Ｘ＋Ｙ）

Ｘ;Skinfoldsoftriceps(c、）

Ｙ；Skinfoldsofsubscapular(c、）

％Fat＝(4.570×Bodydensity-4.142)×100

Ｆat(kg)＝Bodyweight×％Fat/ｌ００

ＬＢＭ(kg)＝Bodyweight-Fat

Thesubjectsweretestedundersixconditions;(1)withnormalweight,(2)withweigthequal

tolO％ｏｆＬＭＢ,(3)similarly１５％ｏｆＬＭＢ,(4)similarly20％ｏｆＬＢＭ,(5)similarly25％ｏｆＬＢＭ，

(6)similarly30％ｏｆＬＢＭ・Theadditionoftheexternalweightｔｏｔｈｅｂｏｄｙｗｅｒｅａｄｄｅｄｗｉｔｈ

ｗｅｉｇｔｈｂｅlts

AnaerobicPowerwasmeasuredaccordingtoMargariaPowertest.(Figurel）

MechanicalPoweroutputswerecalculatedfromtheformula；

Mp=W×D=W×旱ｔ

ｗｈｅｒｅＭＰ＝MechanicalPower(kgm/sec）

Ｗ＝weightofpersoMkg）

Ｄ＝Verticalheightbetween8thandl2thstair(、）

ｔ＝Ｔｉｍｅｆｒｏｍ８ｔｈｔｏｌ２ｔｈｓｔａｉｒ(sec）

Ｄ/t＝Verticalcomponentofthespeed(ｍ/sec）
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Table1．Physicalcharacteristicsofeachsubject．

AnaerobicPoweroutputswerecalculatedfromthe

AP=￥x2347x60×60×4×qOOl
whereAP＝AnaerobicPower(Ｋcal/k9.h）

１kg、/sec＝2.347kcal/sec

Mechanicalefficiency＝0.2513）

「
Ｊ

Ｆ
Ｌ

ｔｅｒ負

lDistnnce

iiiiii
Starting
Position Ｄｉｇｉｔｉｍｃｒ

Ｏ・OOIRec

Fig､１MargariaPowerTest

Subj HeightWeightA
(c、）（kg）

gｅ

(yrs）
Ｔｅａｍ Skinfolds

(c、）

ｍａｌｅ

Ⅱ
、
Ⅲ
Ⅲ
Ⅲ
肌
Ｍ
Ｍ
Ｍ
Ⅲ

176.5８１．５２１Ｖｏｌｌeｙball1.30

166.0６１．０２２Soccer、73

177.5６４．５２２Basketball、63

168.0５４．５２２Handball、67

168.0６３．０２２Ｓｗｉｍｍｉｎｇ、98

165.0６０．０２２Basketball、85

170.860.0２２Volleyball、68

174.5６１．０２２Tabletennis、77

167.0６６．０２３Handball、88

175.0８１．０２１Kenｄｏ1.35

Ｍ

ＳＤ．

170.8６２．３ ．８８

4.4８．５、2４

Female

●
●
●
□
ｃ
●
Ｇ
●
●
●

Ｋ
Ｕ
Ｋ
Ｆ
Ｋ
Ｓ
Ｔ
Ｏ
Ｔ
Ｏ

Ｙ
Ｃ
Ｎ
Ａ
Ｎ
Ｎ
Ｙ
Ａ
Ｈ
Ｋ

162.065.0２２Volleyball1.86

156.0４６．０２２Dance1.09

161.8５７．０２２Basketball1.59

160.2５３．０２２Basketball1.12

156.0５０．０２０Volleyball1.13

167.0５１．０２１Tennis、96

160.0５２．０２２Volleyball、99

156.5５２．０２１Tennis1.19

165.055.0２２VolleyballL46

165､0５５．０２２Dance１．５５

Ｍ

S､，．

160.7５３．６１．２９

3.8４．８、2９
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RESULT

Plotsoftheindividualvaluesfortheverticalcompomentofthespeed(ｍ/sec)underthesix

addedweight(kg)conditionswerepresentedinFigure2Additionofweighttothebothsexes

significantlydecreasedthemeanvaluesforverticalcomponentofthespeedAtnoaddition

and３０％ofLBMweight,thedifferencebetweenMandverticalcomponentofthespeedwas

significantbothsexes.(Ｐ＜0.001)．Infemale,thespeedsweredecreasedlargelythaninmale

Table2showedtherelationshipbetweeｎ％ofLBMandMechanicalPower・Mechanical

Poweroffemalesshowedatendencytobeconstantforallsixconditions.（Thevalueswere

about76kgm/sec､）Infact,MechanicalPowerofmaledecreasedgraduallyastheaddedweight

wasincreasedAnaerobicPowerofbothsexeswerepresentedinTable3forallmeasurments

thatweretakenFigure3showedthereductioninAnaerobicPoweronaddedweigthof％ｏｆ

ＬＢＭＩｎＡｎａｅｒｏｂｉｃＰｏｗｅｒ,asuperiorfemaleandaninferiormaleweretakenout、Figure

４showedthechangesoftheirMechaniｃａｌＰｏｗｅｒａｎｄＡｎａｅｒｏｂｉｃＰｏｗｅｒｏｎｔｈｅ％ｏｆＬＢＭ．

Table２．Mechanicalpowerofeachsubjectinconditionl，ILIILIV,Ｖａｎｄ

ＶＬ

Subject
Mechanical

(kgm/sec）
ｐｏｗｅｒ

Ｍａｌｅ ｌｌｌｌｌｌｌＶＶＶＩ

Ｆ､Ｕ、１３４９２135.83139.95144.71141.26144.68

Ｔ､，．123.00118.25118.76114.63118.53117.56

Ｍ.Ｋ、106.30107.49110.53105.82108.18110.65

Ｔ､Ｎ、97.8997.4194.6497.15100.37100.41

Ｙ・I．117.73110.74114.81116.74116.74121.31

Ｈ､Ｆ、102.07104.33104.46104.00107.53107.16

S､Ｋ、105.46103.1198.47103.51１０４４８109.23

Ｔ､Ｏ、92.5093.0194.7895.1098.4999.33

ｓＫ、110.25109.18１１２６４110.27113.83112.59

Ｍ.Ｆ、126.46122.17116.14120.15123.94119.84

Ｍ１11.66110.15110.52111.21113.34114.28

S､，．12.8211.9112.9213.5812.08１２３４

Ｆｅｍａｌｅ ｌｌｌｌｌｌｌＶＶＶＩ

７
７
３
１
０
０
３
０
１
６

１
４
６
２
０
３
２
４
３
０

●
●
●
巳
■
●
●
●
●
●

６
８
８
７
２
０
４
２
９
９

８
５
７
７
６
８
７
７
７
７

７
３
５
３
４
８
２
６
６
６

６
２
３
３
７
２
０
８
６
５

０
●
●
●
●
●
●
●
●
●

７
８
７
９
１
９
７
９
９
２

８
５
７
７
６
７
７
６
７
８

８
９
２
０
１
７
１
４
３
４

５
８
８
５
６
８
３
４
２
０

●
●
●
●
●
●
●
●
●
●

０
７
４
７
４
８
６
９
７
１

９
５
７
７
６
７
７
６
７
８

５
２
８
９
７
２
９
０
７
２

４
９
２
７
５
９
２
７
５
９

●
●
●
●
●
●
□
●
●
□

４
６
９
７
２
６
７
２
６
２

９
５
７
７
６
７
７
７
７
８

９
７
７
５
４
９
９
７
８
０

２
１
０
６
２
５
１
２
９
１

●
●
●
●
●
●
●
●
●
●

２
３
６
５
６
５
０
４
６
８

９
６
７
７
６
７
８
７
７
７

５
７
６
４
０
４
７
１
８
６

９
１
９
０
８
４
４
８
０
０

●
●
●
●
●
●
●
●
●
●

３
４
０
０
４
２
３
６
７
２

９
６
８
８
６
７
８
７
７
８

Ｋ
Ｕ

Ｙ
Ｃ

Ｋ
Ｆ
Ｋ
Ｓ
Ｔ
Ｏ
Ｔ
Ｏ

０
●
●
●
●
●
●
Ｃ

Ｎ
Ａ
Ｎ
Ｎ
Ｙ
Ａ
Ｈ
Ｋ

Ｍ77.5875.8675.7474.8775.2774.78

S､，．８．４０７．４２９．８０８．６１８．７７８．０９
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Fig4Anaerobicpower（kcal/k９．ｈ）and

Mechanicalpower(kgm/sec)ｏｆＳｕｂｊＭＦ．
（male)ａｎｄＳｕｂｊＹ.Ｔ・(female)forthesix％

ｏｆＬＢＭｃｏｎｄｉｔｉｏｎｓＴｈｅｓｏｌｉｄｌｉｎｅｉｓｔhe

lineofAnaerobicpower、Thebrokenline

isthelineofMechanicalpower．
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Table３．Anaerobicpower(kcal/k９．ｈ)ofeachsubjectinconditionLII，

ＩＩＬＩＶ，Ｖ，ＶI．

AboutamalesubjectMF､andafemalesubjectY.Ｔ､,theirmeanvaluesofAnaerobicpower

were45.7±3.94（mean±ＳＤ）kcal/kg･ｈ（ＭＦ.）ａｎｄ45.8±4.91kcal/k９．h(ＹＴ.)，respectively・

Theirdifferenceofvalueswerenotsignificant.(p＞０１）Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,theirmeanof

mechanicalpowerwere121.5±3.27(ｍｅａｎ±ＳＤ)ｋｇｍ/sec(ＭＦ.）ａｎｄ78.1±298kg、/seｃ(Ｙ､Ｔ､)，

respectively・Theirdifferenceweresignificant.(p＜0.001）TherelationshipbetweenAnaer‐

obicPowerandbodyweightwaspresentedinFigure5・Aboutthebothsexes,nocorrelation

existed(ｍａｌｅ:ｒ＝0456,,＝10,0.1＜Ｐ＜0.2；ｆｅｍａｌｅ:ｒ＝0.203,,＝10,0.2＜Ｐ＜0.3）

ＤＩＳＣＵＳＳＩＯＮ

ＮａｋａｔｏｈｅｔａＬ（1980)'8)reportedthattheAnaerobicPowerofbicycleergometermethod

wasalmostsimilartotheAnaerobicPowerofMargariaPowerTestandthatthesetwopowers

werecorrectedMoreover,Ikutaetal．（1972)'0)reportedthattheAnaerobicPowerofbicycle

ergometermethodandthepowerof50msprinttestcorrelatedeachother・Ikutaetal.(1972)'0）

Subj
Anaerobic ｐｏｗｅｒ

(Ｋcal/k9.h）

Ｍａｌｅ ｌＩＩＩＩＩＩＶＶＶＩ

１
１
９
８
６
０
８
５
１
５

６
６
７
２
８
８
６
４
６
５

●
●
●
●
●
●
●
●
●
●

８
２
６
０
３
８
９
４
６
０

４
５
４
５
５
４
４
４
４
４

８
７
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５
９
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０

３
１
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２
７
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３
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■
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Ｂ
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２
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８
３
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５
４
５
５
５
４
４
４
４

２
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８
８
６

７
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４
０

●
●
■
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●
０
０
●

２
５
８
２
５
１
１
６
９
４

５
５
４
５
５
５
５
４
４
４

７
９
３
２
７
５
８
６
２
８

１
０
８
５
０
７
５
９
７
３

０
●
●
●
●
●
●
●
●
●

３
０
２
３
７
３
０
７
２
４

５
６
５
５
５
５
５
４
５
４

８
６
５
９
３
７
２
８
０
０

９
６
７
５
３
１
４
２
４
９

●
●
●
●
●
●
●
●
●
●

３
２
３
７
７
６
５
９
３
８

５
６
５
５
５
５
５
４
５
４

９
７
４
３
７
３
５
０
９
１

７
１
５
５
９
３
２
０
２
６

●
●
●
●
●
●
●
●
●
●

５
５
５
０
２
７
９
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６
２

５
６
５
６
６
５
５
５
５
５

●
●

肌
、
Ⅲ
Ⅲ
Ⅲ
即
肌
Ｍ
Ｍ
Ｍ

●
●
●
●
［
凹
酢
今

Ｍ57.6554.8552.6150.9549.6948.22

ｓ，．４．１９３．８４４．１５３．６３３．３４３．６８
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ＹＡＭＡＭＯＴＯ・ＫＡｗＡＭｏＴｏ・TAKEucHI・TAKANO：MeasurementofanaerobicpowerlO1●

reportedthatthesprinterwhocouldenduretoalargeweighthadtheadvantageofdisplaying
highAnaerobicPower、AnaerobicPoweratnormalweightfoｒｆｅｍａｌｅｗａｓａｌｍｏｓｔｔｈｅｓａｍｅａｓ

ｔｈｅＡｎaerobicPowerformaleataddingwei9ht３０％ｏｆＬＢＭ,ｔｈａｔｗａｓａｂｏｕｔｌ７８ｋｇＴｈｅｒｅ
ｗａｓｎｏｓｅｘdifferenceinthedegreeofdecreasingAnaerobicPower・Thisshowsthatifman

gainedexcessfatweight,AnaerobicPowerdecreasedforlnaleinthesameratioofdecreasing
forfemaleAnaerobicPowerformalewerehigherthanthatforfemale,itcausedthatthere

werethedifferenceofquantity,ｑｕａｌｉｔｙａｎｄｃｏｎｔｅｎｔｏｆＬＢＭｉｎｔｈｅｂｏｔｈsexes

lnconclusion，resultsofthisstudyindicatedthatAnaerobicPowerformalemightbe

higherthanthatforfemalebyaboutlOkcal/kgb,ｅｖｅｎiftheadditionalsex-specific,essential

fatofw6meniseliminatedbydietortraining・Ifmangainedexcessfatweight,Anaerobic
Powerdecreasedformalｅｉｎｔｈｅｓａｍｅｒａｔｉｏｏｆｄｅｃｒｅａｓｉｎｇｆｏｒfemale．

ＲＥＦＥＲＥＮＣＥＳ

Ａｓｔｒａｎｄ,I.；Aerobicworkcapacityinmenandwomenwithspecialreferencetoage,ActaPhysioLScand，
169；1-92,1960．

Astrand,Ｐ､ＯａｎｄＫ､Rodahl,：TextbookofWorkPhysiology,：Physicalworkcapacity,277-315,1970．

Bullen,ＢＡ.,ＲＢＲｅａｄ,ａｎｄＪ､Mayer;Physicalactivityofobeseandnonobeseadolescentgirlsappraised
bymotionpicturesampling,Ａｍｅｒ､JClinNutr.,１４；211,1964,

Cureton,Ｋ､Ｊ､，Ｐ・BSparling,Ｂ､Ｗ・Evans,Ｓ・Ｍ・Johnson，Ｕ、Ｄ・Kong，andJWPyrvis，Effectof

experimentalalterationinexcessweightonaerobiccapacityanddistancerunningperformanceＭｅｄＳｃｉ・

ＳｐｏｒｔｓＶｏＬ１０，Ｎｏ．３，ｐｐ、194-199,1978．

Cureton,Ｋ､Ｊ､,LDHensley,ａｎｄＡ・TiburqiBodyfatnessandperformancedifferencesbetweenmenand

womeｎＲｅｓ､Quart､５０：334-340.1979．

Cureton,ＫＪ,Ｐ・BSparing・Distancerunningperformanceandmetabolicresponsestorunninginme、and

wowenwithexcessweightexperimentallyequatedMedSci・Sports・Exercise,Vol・’2,Ｎｏ．４，ｐｐ288-294,
1980．

Girandola,ＲＮ.：Bodycompositionchangesinwomen：effectsofhighandlowexerciseintensity・Arch
Phys､ＭｅｄＲｅｈａｂ５７：297-300,1976．

Goldman,ＲＦ､ａｎｄＰ､FIampietro・EnergycostofboadcarriageJ､AppLPhysioLl7657-676,1977、

Hermansen,Ｌ,：Anaerobicenergyrelease,ＭｅｄＳｃｉ・Sports,１：32-381969．

Ikuta,Ｋ､,andMIkuta,：Studyonthedevelopmentofmaximumanaerobicpowerbybicycleergometer・
Jap.』・ＰｈｙｓＥｄｕｃｌ７：151-157,1972．

Ikuta,Ｋ,Ｋ・WatanabeandT・Ohtsuki,：Studyonthemechanicalworkingpowerduring50mdash,ＪａｐＪ，
PhySEduc、１７：61-67,1972．

Johnson,ＰｅｒｒｙＢ.：MetabolismandweightcontroLJHealth,PhysicalEducationandrecreation,３２：39-40,
1968．

Keys,Ａ､：OcupationalandenvironmentalfactorsinthedevelopmentofhertdiseaselnRosenbaumand

Belknap：WorkandtheHeart・Paul，BHoeber,Newyork，１959,ｐ、103．

Margaria,Ｒ､,Ｐ・Cerretelli,Ｐ､Aghemo,andGSassi・EnergycostofrunningJ・ApplPhysioL18(2)：367
-370,1963．

Margaria,Ｒ､,Ｐ・AghemoandERovell,：Measurementofmuscularpower（anaerobic）ｉｎｍａｎＪ,AppL
PhysioL，２１：1162-1164,1966．

Mathews,，．Ｋ、ａｎｄＥ．ＬＦｏｘ,：ThephysiologicalbasisofphysicaleducationandathleticsSaunders，

1．

２
２

4．

5．

6．

7．
Ｃ

●
●
〈
Ⅲ
叩
叩
〉

（
〕
（
）
（
、
］
・
〉
勺
Ⅱ
８
（

11.

12.

13.

14.

15.

16.



102金沢大学教育学部紀要（自然科学編） 第３５号昭和６１年

Philadelphia,201,1971．

Mayer,Ｊ､,Ｎ､BMarshall,』.』・Vitale,Ｊ､Ｈ・Christensen,Ｍ､BMashaykhi,ａｎｄＦ.』・Stare,:Exercise,food

intakeandbodyweightinnormalratsandgeneticallyobethadultmice,ＡｍＪ・PhysioL177：544,1954．

Nagamine,Ｓ,ａｎｄＳ・Suzuki.：AnthropometryandbodycompositioｎｏｆＪａｐaneseyoungmenandwomen、

ＨｕｍａｎＢｉｏ１．，３６：8-15,1964．

Nakatoh,Ｆ､,andKIkuta,:Anaerobicpowerofbicycleergometerandrunningupstairs､JHealthPhysical

educationandreCreation.,ＶｏＬ３０：933-937,1980．

Parizkova,Janａ:AgetrendsinfatinnormalandobesechildrenJ・AppLPhysioL16(1)：173-1７４

Pollok,ＭＬ.，Ｈ､Ｓ・Miller,Ａ・CLinnerudandK.Ｈ､Cooper：Frequencyoftrainingasadeterminantfor

improvementincardiovascularfunctionandbodycompositionofmiddleagedmen､ArchPhys､MedRehab．

1７．

18.

19.

20.

21.

５６：141-145,1975.


