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1Introduction

Thepressuresensationfromthesoleswouldplayaimportantroleinbipedhumanfor

maintaingandcontrollingaposture4).ThissenSationispresumaりlyi航egratedwithother
sensoryinformati()ns・However,integrationaspectislesswellknown.Thereareseveral

reportsonthesensoryinformationfromthesoles,andvariousresearchmethodshavebeen

devel()pedrecently.Thesearetousepolyuretane7)andshotgun-ball5)tOhavethesubject

stoodonthem,andtousesyntheticcryo-airtranspire')andcoldwater6)tocoolthesole.

Theseresearcheshavehardlyfocussedonthepositionbutthestabilityofposture.We

investigatedaroleoffo()tl)1･essuresensatoninstandingpositioll,byincreasingthepressure
sensationfr()Inhindorfrontpartoffootsoles.

2Method

Thesubjectswereninemaleunivesitystudentswhoseageswerel8tol9years.The

pressuresensationwasincreasedbystandingonafloorthatmanycolumns(diameter5mm

andheightl.2mm)projectedatintervalof3mminanoblongareaof45×210mm.The

projectionandpullofcolumnswerecontrolledbyahydraulicpump(Figurel).

Atfirst,thecolumnswereProjectedrapidlyandrandomlyundertheheelormetatarso-

phalangealpartsinfootsoleswhilethesubjectWasstandingwitheyesclosed(Figure2),

andtheanteroposteriorpositionofthecenteroffootpressure(CFP)pickedupwiththe

forceplateandtheEMGsofm.tibialisanterior(TA)andm.gastrocnemiusmedialis(GCM)
pickedupwithbipolarsurfaCeelectorodeswereobservedwithparticularreferencetothe
temporalcourse.
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FIGURE1.Apparatusforfootpl･essureincrement(leftfigure)andaflatboardhavingathicknessof
1.2mm(rightfigure)

Secondaly,thesubjectsstandedwitheyesclosedfor

30secondsonaforceplatehavingfloorsoffivetypes:

①flat,Oprojectingthecolumsunderthemetatarso-

phalangealjointandOtheheelpart,and@puttinga

flatboardhavingathicknessof1.2mmunderthe

metatarsophalangealjointpartandOtheheelpart.

Thestandingineachfloorconditionwasrepeated5

timeswithinsertingarestsittingonachairforone

minute.Thestandingpositionwasevaluatedbythe

meanofanteroDosteriorDositionoftheCFP.TheCFP

-positionwasanalyzedusingtheA/Dconversiondata

forlO-30secondsTheresolutionandsamplingtimeof

A/DconversionwereO.2mmand50msec.ThatpoSi-

tionwasshowninrelativedistancefromthehindmost

positionoftheheel,regardingthefootlengthasl00%.

Allstatisticalanalysiswascalculatedwith5%signifi-

cancelevel.

3Result

FIGURE2.Standingwitheyes

closed.

Afterthecolumnswereprojectedwhilethesubjectwasstandingonthefloor,theCFP

-positionwasslowlymovingforwardinthestimulustothemetatarsophalangealpartor

backwardinthestimulustotheheelDartinthecourseofabout2-5seconds，andinthe

sametimecoursetheactivityofGCMincreasedinthemetatarsophalangealpartstimulus

anddecreasedintheheelpartstimulus(Figure3).Ontheotherhand,TAwascontinually

inactive.



17
RoleoftheSensationofFootPressureDistributionin.StandingPosition

|｜|｜’ ●
●

言
ゆ
・
・
ｂ
恥「

｡

●●

ﾊﾉ$’1cm

蝉'1mV

●‘●

■ ● ●

r'!
mv

|IlllIlIlI’’I

’訂、②曰1回、1，回pt
ー

●

も
一
夕

|1cm
ゾ

|'mv

|1mV

剴

’
一

’｜’
U

'1 ｜’ ｜’■由

FIGURE3.TypicalrecordsofCFPandEMGsofGCMandTA

TheCFP-positionsinfloorconditionSofO@andOwere45.1±5.87%,45.5±5.80%
and43.96.07%,respectively(Figure4),andthesedifferenceswereinsignificant.The
positionsforflOorconditionsofandOwere48.3士5.70%and40.6±5.52%(Figure5),and
IhesepositionsshowedsignificantdifferencesagainstthepositionsofO,@andOThis
indicaIedthattheCFP-positionschangedtowardthedirectionthatthepressuresentatioo
increased.

4Discussion

OkUboetal.s)gavethestimulationtothewholefootsolesbyuseofboardswithinlaid
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shotgunballssimilartoourmethod.Theyfoundthatthedischargefromthetibialnerve
fibersmarkedlyincreasedwhenthestimuluswasgiven,ascomparedtonostumulation.
Futhermore,theyfoundthatM-andH-wavechargewerenegligibledespitedifferent
degreesofstimulation・Fromtheseresultstheysurmisedthattheincreaseinplantar

●

mechanoreceptorinputinformationparticipatedinhighercentralnervoussystemcoritrol
mecanismsratherthanthespinallevelcontrOlsystem.TheslowchangesofCFP-position
andGCMactivityinourstudysupportthisview.Inmanyotherpreviousstudieswhich

●

increasedanddecreasedthepressureinfoImationfromfootsoleswerereportedthatthe
pressureinformationparticipatedinlowfrequencyingredientofCFPfluctuation')'2)'8)'91｡'0)
ItisconceavablethatthiSresultisduetosamegroundasabovementioned.

Futhermore,weobtainedtheresultthattheCFP-positionchangedtowardtheheelor

metatarsophalangealjointWhichthepressuresensationincreased.Thechangerangewas
about3%offootlengthandinwhichrangem.tibialisanteriorwasinactive.We'

●

previouslyreportedthatm・tibialisanteriorwasactiveinthebackwardCFPposition
beyondabout34%(meanvalue).offootlengthfromthehindmostpoint3).Thispositionis
morebehindthanthehindmostpositionObtainedinthisstudy.Theseresultsprobably
suggestthatanteroposteriorpositioninstanceisnotdecidedbybalanceofpressure
sensationsOfmetatarsophalangealjointandheelpartsinsole,butbymatchingthe
stxllatosensoryinformation(deepsensationfromthedorsallysituatedmuscles,suchasm.
soleusandm・gastrocnemius)tothesensationoffootpressuredistribution.

｜

’
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5COnclusion

WeinvestigatedaroleofsensationoffootpressuredistributioninStancewitheyes
closed.Thepressuresensationwasincreasedbystandingonafloorthatmanycolumns
(diameter5mmandheightl2mm)projectedatintervalof3mminanoblongareaOf"X
210mmTheCFP-positionchangedtowardtheheelpartormetatarsophalangealjoin[
onethatthepressuresensationincreasedThitchangingtimewasabout2-5seconds.

O

Ontheotherhand,whenthesUbjectsstandedonthefloorputtingaflatboardhavinga
thicknessofl.2mmundertheabovementionedfootsoleparts,theCFPlocatedatsame

positionastheflatfloor.

TheseresultspresumablysuggestthatanteroposteriorpositionofCFPinstancewith
eyesclosedisnotdecidedbythebalanceofpressuresensationSofrnetatarsophalapgeal
j6intandheelpartsinsole,Mbymatchingthedeepsensationtothesensationoffoo&
pressuredistribution
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