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Diurnal Rhythm Related to

Standing Posture ofa Man＊

KinsakuINAMURA and Yoshimitsu AMAGISHI

（Received Oct．1，1977）

A．Introduction

Thepurposeofthisstudyistofindoutthediurnalrhythmrelatedtoman，sphysical

abilitytostand・Physiologicalfunctiongroupsrelatedtostandingposturearesubjectto

exercise，reSt and abrupt changes ofcircumstances．

Someworksconcernedwithstandingposturehave beenreportedl，2，8，4buttheywere

usuallycarriedoutundersome external factors or with exercise・In this paper，We

discusstheexperimentmainlyperformedundertheconstantcircumstancesandwith no

exercise，i．e．，under no・load situations．

On the other hand，diurnal rhythms appearingin the change of some muscle

Strengthhavebeenreported，8，9buttoourknowledge，thisisfirsttopresentsuchrhythms

foundinmuscularactivitieswhicharemeasuredbyuseoftheelectromyogramanddigital

Fouriertransformtechniques．

Fig・1・A block diagram of experiment．

＊PresentedbyK・INAMURAinFourthInternational Symposium of Posturography（Sofia，

Bulgaria），19－23，September（1977）．
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B．Experimentalprocedure

Thediurnalrhythmrelatedto standingposture ofa healthy male（20－year－01d）is

measured under the constantcircumstancesandwithnoexercise．Ablockdiagramforour

experimentsisshowninFig．1．Beforemeasurementsthesubjectstayed8hoursinala－

boratory（roomtemperature（25土2）OC，humidity（60±15）％，COnStantlightwithwhich

amancan readanewspaper）．Hewas requiredtolayonhisbackonabedclosedtoa

Pedoscope．This PedoscopecanprojectswaylngmOVementS Ofthecenterofgravlty・He

was一madeto standuponthePedoscope29times atintervalofone hour（from8‥00p・

m．tothenextday）afterapretest．Hewasalsorequiredtostayinthebedwhileeating

somesandwiches（1500Cal／day），drinkingwaterandurinating・During this experiment

he ate sandwiches of about890Cal，drankwater of635cc，and passed water of703cc．

脇α∫〟rg〝Ze乃わ

1）Barometersofthe abilitytostandaremeasuredbyuseoftheelectrogravitiogram

（EGG），Whichwasfirstused by HIRASAWA・4　Terms of our experiments are：One

FootTest（Rombelg Standingfor20sec，OneFootStandingforlOsec）and CrossTest

（leaningforward，backward，leftwardandrightwardwithoutwaistbentfor45sec）・Our

analysis method ofdataofEGGis describedinFig・2・

2）Roomtemperature（RT），Roomhumidity（RH）andthenumber（N）ofhisturn・

inginbedwerealsomeasuredasimportantparametersresponsiblefortheabilitytostand・

ThenumberNwasdeterminedbymeasurementswith the electromyogramofmusculus

erector sPlnae・

3）Inordertocheckthebodyconditions，the following matters were measured；

戸　　　‾FM

（100射

二：

l

Lj　＝La／Na

Rj　＝Ra／Na

「GLR－1

G敲
Fig・2・Analysis terms of EGGand definition of symboIs・
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Oraltemperature（OT），heartrate田R），reSpiratoryrate（RR），breathholdingbeforthese

tests（BHl），and breathholdingafterthetests（BH2）．

anterior andleft musculus soleus were also measured

areas are calculated byintegrating recordswithtime．

EMTland EMT2，and the areas ofthelatter，EMSl

test and cross test．

Activities ofleft musculus tibialis

With the electromyogram．Their

Letuscalltheareasoftheformer，

and EMS2，aCCOrding to one－foot

A7α抄∫お皿わ班od

Rawdataarefirstdigited，followedbycomputingautocorrelationfunctions，andauto

POWer SPeCtrum density whichis estimated from the transient Fourier transform。f

COrrelationfunctions・Ablockdiagramis shownin Fig・3．Some serious attentions

Shouldbepaidtosuchadigitalanalysisoffinitedata，butdetailsaredescribedinsepa－

rate papers．5，6

Fig・3・A block diagram of digitalanalysis．

C．Results

Trg〝d Co〝少0乃g乃わ

Accodingtothedigitalanalysis，We Obtain the following quantities whose values

aretabulatedinTablel：meanS（M），Standarddeviation（SD），trendandindexofdeter－

mination（ID）oftrendinoriginaldata．Inourdiscussions，We mayneglectsmalltrend

COmPOnentSWhereIDislessthan0．1．RTshows highID values，but we regardit

almostconstant，becauseitseemsto beduetosamplingintervaltime（seeFig．4）．

Beforetheexperiment，he hadbeen catchingacold，and thenitis seen that the

recoveryfromhisslightfever madethenegativetrendsin OT andHR．TrendsofGFB

andGLRmeantheincreaseofmaximumdisplacementsofthecenter of gravity at the

CrOSSleaning movement・Trends of EMTl and EMT2mean the decrease of spike



106 KinsakuINAMURA and Yoshimitsu AMAGISHI

TABLEl．Means（M），Standarddeviation（SD），trendindexofdetermination（ID）of

trend obtained from raw data．
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dischargeofmusclesatleftfootstandingandcrossleaning・Thistendencyisexplained

as the effect oflearning．

Pdrわあ（F柁曾〟g〃Cfg∫）

Raw dataofRT andRH areshownin Fig・4・They have a period ofl・22－1・32

hourswhichcorrespondstothatofanairconditioner・Theirfluctuationsaresosmallas

mentionedearlyinthissectionthattheymayberegardedasconstant・Theeffectivefactor

fortheabilitytostand，N，hasnocomponentsofthediurnalrhythmofabout24hours・

Figure5（a）showsarecordoftheareaoftheswayingmovementofthe center of

gravity，（b），Oneafterpassingthroughthelowpassdigitalfilter，and（C），POWerSPeCtrum

densityfunctionoftrace（a）．Figure6alsoshowsthose of maximum displacement of

thecenterofgravity・Obviously，pOWerSPeCtraOfbothcaseshave a peak around the

mark240n thetimescale，Whichindicatethereexistsdiurnalrhythm．Figures5（b）and

6（b）suggestthehigherperformanceoftheabilitytostandfromeveningtonight，COm－

paredwiththatinthemorning・Resultsofthepowerspectralanalysisforvarious data

areshowninTable2．Fromthis table we canseethatthebarometers ofthe ability to
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Fig．4．RaW data of RT and RH．

TABLE2・Comparisonofpeakvaluesofthepowerspectrumdensityfunctions．
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Standhaveperiodcomponents ofnotonlythediurnalrhythm，butalsotwootherkinds．

ItshouldbenotedthatFLhasno diurnal rhythm but FW does．HIRASAWA7

reportedthathissubjectsshowedindailylifethediurnalrhythminthechangeof foot

lengthandfootwidth；heexplaineditasresultingfromweightingoftheirbody・These

two differentkindsofexperimentalresultssuggestthatthediurnalrhythmofFWiscaused

bynotonlyweightbuttonusofligamentsgroupconcerningtoarcus pedis transverail，
WhileFLis almostindependentofsuchtonusofligamentsgroup．
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Fig・5・Areasoftheswayingmovementofthecenterofgravityasafunctionoftime・

（a）normalizedrawdata，Ⅹ。（t）；（b）dataafterpassingthroughlow pass digital

filter，Ⅹl（t）；（C）Powerspectrumdensityfunctionofthetracesin（a）・
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Fig．6．Maximum displacement of the center of gravity as a function of time．

（a）normalized raw data，Yo（t）；（b）data afterpassing throughlow pass digital

filter，Yl（t）；（C）Power spectrum density function of the tracesin（a）．
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TABLE3．Means（M），andstandarddeviation（SD）obtainedfromtheadditionalexperiment；

（＊）denotes a significant difference at the5％levelbyT・teSt・

JJJJ。（イJ‘川J・

An additionalexperiment was performed without any conditions on twelve healthy

malesin the morning（from9：30a．m．）and at night（from9：30p．m．）ofthe same day．

Results are shownin Table3，indicating FL，FW，RO，Na，Ra，GFB and GLR have ups

and downs of the performance similar to those obtainedinourmainexperiment．Thisa－

greement may support strongly our experimentalresults，i．e．，theexistenceofthediurnal

rhythmin man’s standing posture．

D．Conclusiom

In summary，by virture of the digitalanalysIS method，We quantitativelyfind the so

called diurnalrhythm whichis related to the standing posture of a healthy male．This

rhythmis caused byposturalreflexes aswellasotherphysiologicalfunctions．Especially，

tonus ofligaments group seems to be one of theimportant factors which cause the

rhythm offoot width．Moreover，the rhythm shows higher performance from evening

to night thanin the mornlng．
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