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PREFACE   

Accordingto theWorld HealthReport1997（WHO），mOre than4．6mi11ion deathsworld  

Widearedueto cerebrovasculardiseases．one－thirdinindustrializedcountriesandtherestin  

developingcountries．About one－third ofstrokepatientsdiewithinsix monthssincestroke  

OnSet，andsurvivorsmaybeseverelydisabled，Withhemiparesis，lossofspeechand／orothers．  

Nationalsurvey on physically disabled persons performedin1996by Ministry of Welfare  

indicatesthatthemostcommoncauseofphysicaldisabilitiesiscerebrovascularaccidentsin  

Japan．Severalclinicalstudieshaveshownthatmostoffunctionalrecovery．includingwalking  

CapaCity，OCCurSwithin 6 rnOnths after stroke onset、eXCeptlanguage function．Those  

epidemiologlCalandclinicaldatasuggesttheutmostimportanceofboththeprlmarypreVen－  

tion ofcerebrovasculardiseasesandsecond－1evelpreventionofphysicaldisabilitiesinpost－  

acutephaseofstroke．   

WehavepromotedresearchworksrelatedtoRecoveryEvaluatingSystem（RES）forStroke  
Rehabilitation．and using RES、We have attempted to evaluate various approaches of the  

physicaltherapyforpost－StrOkepatients．Inthismanualwedescribethedetailofcomputer－  

assistedgaittraining（CAGT）program．whichwasdevelopedinInstitute ofRehabilitation  

Medicine and Narugo－Branch Hospital．Tohoku University Schoolof Medicine．Miyagi，  

Japan．CAGThasbeenusedclinicallyformorethan12years．Atpresent、CAGTisroutinely  

ulitizedin physicaltherapy of strokeinpatientsin NationalRehabilitation Center for the  

Disabled，Hospital：TohokuUniversitySchoolofMedicine，Hospital；andotherhospitals．   

We hope that physicians，physicaltherapists，and staffs of other health care professions  

participating for post－aCute StrOke rehabilitationwi11utilize this manualto promote the  

recoveryofwalkingcapacity．  

R．Nakamura   
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INTRODUCTION   

Themajorgoalsofmedicalrehabilitationforsurvivorsofacutestrokeincludetherecoveryoflost  

function、forinstance、Walkingcapacityandindependenceinself－Care．Severalstudieshaveshown  

thatmostoffunctionalrecovery，includinggait．occurswithinthefirst3monthsandimprovement  

thereafter，althoughobserved，does not reach thelevelof statisticalsignificance except for the  

language function（Andrews et al．1981，Skilbeck et al．1983，Kelly－Hayes199O）．Similarly the  

increaseofmaximumwalkingspeedforthelOrndistanceisprominentonlyduringthefirst4weeks  

afterthestartofgaittraining（Nakamuraetal．1998a）．Skilbecketal．（1983）reportedthatrapid  

earlyimprovementofwalkingcapacitywasseenfo1loll－ingastrokebutthatlittlechangesoccurred  

after6months．Wadeetal．（1987），eXaminingthepatternofrecoveryofwalkingcapacityoverthe  

first13weekspost－StrOke，repOrtedthatthelongerapatienttooktostartgaittrainingthelesslikely  

hewastoregainnormalspeedwithin13weeks．According】y．itisimportallttOfacilitatefunctional  

gainin walkingcapacity duringthe early phase of physicalrehabilitation．For that purpose we  

developedacornputer－aSSistedgaittraining（CAGT）program，Whichmadeitpossibletoanalyze  

andpredictwalkingcapacityandtoincreasethefunctionalgainduringintensivephysicaltherapy  

（Nakamuraetal．1988b，1988d）．WehaveutilizedtheCAGTprogramformorethanlOyears．The  

resultsareencouraging．InthismanualwedescribethedetailsoftheCAGTprogramandrelated  

research works．  

J   



1 COMPUTER－ASSISTED GAIT TRAINING（CAGT）PRO－  
GRA則【FOR HEMIPARETIC STROKE PATIENTS   
TheCAGTprogramisakindofprogranlmedlearnlngSpeCiallydesignedforpost－StrOkehemlpa－  

reticpatients（Nakamuraetal．1988d）．andisbasedonthefollowingpremises：（1）recoveryfrom  

physicaldisabilityafterastl－okefollowsapredictablepatternanditispossibletodevelopprofiles  

Withwhichanindividual’sprogresscouldbecompared（Partridgeetal．1987）：and（2）recoveryof  

Walkingcapacity、i．e，，theimprovement ofmaximum walkingspeed relative to thecadence and  

Stridelengthofstrokepatients．alsofollowsapredictablepattern（Nakamuraetal．1988c）．  

［1］TheAbridgedVersionofCAGTProgram   

l）Measurementsofpatient，sgaitcomponents   

ThetimeandthenumberofstepsnecessarytowallくalOmdistanceonflatfloorboundedbytwo  

tapesaremeasuredusingadigitalstopwatch（Nakamtlraetal．1985）priortothestartoftheCAGT  

and usually onceaweek thereafter．Gaitistestedbyasking thepatienttowalklOm asfastas  

possibleon alevelwalk－Wayboundedby reflectorizedtapes．The examiner、uSuallythephysical  

therapistin－Charge．takesanaccuratemeasurementofeachgaittrialwhilefollowingcloselybehind  

thepatient．Thepatientbeginseachtrialatleastafewstridesshortofthestartinglineandthetiming  

COmmenCeSaSSOOnaSthepatient’sswinglegcrossesoverthestartinglineandendswhenthepatient’s  

SWlnglegpassesoverthefinishline．Thepatientperformsthreetofivetrialsineachsession，andthe  

fastesttrialischosenasdata．Thedata，themeasuredtimeandthenumberofsteps，arefedintoa  

personalcomputer＊．whichisprogrammedtocalculatethefo1lowing：（1）thewalkingspeed（m／  

min），（2）the cadence（steps／min），and the average stridelength（m）．The computer plots the  

results ofthegait performance superimposinglinegraphs of standard valuesbased on208data．  

Whichweregatheredfrom58post－StrOkehemipareticpatientspreviouslyadmittedattheNarugo－  

BranchHospital，TohokuUniversitySchoolofh／Iedicine．FiguI・elshowsanexampleofthecomputer  

display．  

2）Instructiontothepatient   

The physicaltherapist shows and explains the results of the gait performance to the patient．  

Comparlngthepatientlsdatawiththesta11dardvalues，thepatientistheninstructedwhichparticular  

gaitvariableneedstobeimprovedbysubsequenttraining，i．e．，eithercadenceorstridelength・In  

Figurelthepatienthasperformedhisgaittrialwithawalkingspeedof16．3m／min、Cadenceof96・2  

steps／minandmeanstridelengthofO．34m．Sincethestridelengthisinsufficientascomparedwith  

thestandard，the aimoftrainingistoincreasethestridelength withoutdecreasingthecadence，  

Whichwouldresultin theincreaseofwalkingspeed．  

4）Prediction offunctionaloutcome   

Whenthedataofmorethan2weeksafterstartingCAGT，i．e．、mOrethan3sessions、aregathered，  

thepredictionoffunctionaloutcomebecomespossible．Applyingahyperbolicfunction，y＝A－B／Ⅹ、  

inwhichxisthetimesincestrokeonset（weeks）andyisthemaximumwalkingspeed（m／min），  

＊ComputersoftwareforRES－4（Windows95⑩）includingtheCAGTprogramisnowavailablefron－SakaiIryoCo・   

Tokyo，Japan（Nakamura1995）．  

2   
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Figurel An exampleofthecomputerdisplay  

A：relationofmaximumwalkingspeedtocadence．  

B：relationofnlaXimumwalkingspeedtostridelength．  

Lines oflinear regression were calculated with208galt trials of58stroke  

patients．  

a：y＝29．5Ⅹ＋26．7（R2＝0．75）  

b：y＝0．73Ⅹ＋78．1（R2＝0．67）  

C：y＝0．0109x＋0．296（R2＝0．90）  

ThedotinAandBistheresultsofgaittrialofapatient．  

（Nakmuraeta】．1988d）  
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Figure2 Therelationbetweenthetimesincestrokeonsetandthemaximum  

Walkingspeedoftwocases  

A：1efthemiparesis．66yearsoldfemale，belongingtothefitgroup．  

B：lefthemiparesis，50yearsoldfemale，belonglngtOthenon－fitgroup．  

（Nakamuraetal．1992）  
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ValuesofparametersAandBareestimatedb）Taleastsquareapproximation．Figure2demonstrates  

twoillustrative cases．in which the relationship between the time since strolくe OnSet and the  

maximumwa】kingspeedisstatisticallyslgnificantincaseAbutnotincase B．   

［2］PracticeofPhysicalTherapy  

Technlques of physicaltherapy forstrokepatientsbased on the developmentalapproach were  

alreadyreportedindetail（Nakamura1977）．Thefollowingarespecialconsiderationsrelatedtothe  

CAGTprogramnotmentionedpreviously．  

1）Stabilityofstandingbalance  

Inability to stand on both feetin hemlparetic patientsis related to theilllpaired antigravity  

functionoftheaffectedsideand／orthedecreasedfunctionofstaticstandingbalance．Beforestarting  

CAGT．improvementofstandingbalanceisindispensable．  

（1）Forthemuscleweaknessoftheaffectedsideaplasticankle－foot－Orthosis（AFO）isusually  

PreSCribed，Which reducesmediolateralinstabilityofthe aIlklejoint anddecreases posturalsway  

during standing（Mojica et al．1988）．In some cases，knee－anlく1e－foot orthosis（KAFO）orknee  

Orthosis（KO）isnecessarytocompensatefortheinstabilityofjoints．  

（2）Aninitialproceduretostabilizestandingpostureistoincreasethebaseofsupport．Atfirst，  

awide－based standingpostureisrecommended．andstandingexerciseusingtheparallelbars，T－  

CaneOrquadricaneispreferable．  

2）Cadence   

Theincreaseofcadenceisrelatedtovolし1ntaryeffortofthepatient．Addjtionalconsiderationsare  

as follows：  

（1）Thephysicaltherapistencouragesthepatienttoinitiatethenextstepasfastaspossible．  

（2）Inpatientswiththefootinfunctionalequinovarusduetospasticity．andunabletokeepthe  

foot－flatpositionduringmid－StanCeOnthepareticside．active－aSSistivedorsal－flexionexercisesof  

the anklejointshouldbe practicedin b（）ththesuplne and thestanding positions followedby the  

activeexercisesundersupervisioll．  

（3）Inpatientswiththehyperextendedkneeandtheflexedhipjoint．forwardmovementsofthe  

pelvisarelimited，i．e．theretractedhemipelvis，andweightbearingontheaffectedsideisincomplete．  

Weight bearing on the affectedlower extremityis practiced as active－aSSistive exercises with  

movementsinthelateral，thefore－aftand／orthediagnonaldirections．Atfirst，thephysicaltherapist  

Shouldhandlethepatient’spelvicgirdle、andlatertheshouldergirdle．Thepatientisrecommended  

to trythesamemovementsasactiveexercises，uSingthepara11ell〕arSOrStallbars．  

（4）In patientsshowinghyperextension oftheknee or backward thrust ofthe affectedlower  

extremityduringmidstance，aCtiveassistivekneeflexionalldankledorsiflexionexercisesshouldbe  

practicedwhilemaintainingthestandingpositionandweight－bearingontheaffectedside・  

3）Stridelength   

Theincreaseofstridelengthduringgaittrainingismainlydependentuponthepatient’seffort・The  

followingexercisesarerecommended：Inpatientswithamaximumwalkitngspeedgreaterthan40  

m／min，theasymmetryofpostureandgaitcomponentssuch assteplehgthshouldbecarefully  

COrreCted，uSingverbalcommandsand passivemovements．  

4   



（1）Thepatientisfrequentlyaskedtowalkwithalongstep．  

（2）WhenthepatientcallnOtmalくealongsteponthenon－affectedside．thephysicaltherapist  

putssomemarkerslO－30cminfrontofthepatient．Arelativelyflatplatformorstairstepcouldbe  

usedasamarker．helpingtoimprovetheantigravityfunctionoftheaffectedside．  

（3）In patientswith a flexed hip on the affected side at terminalstance，paSSive and active  

StretChing of the hipJOint on the affected side should be performedin bothlying and standing  

positions．  

（4）In patientswith retracted hemipelvis on the non－affected side．active－aSSistive trunkal  

rotationexercisesshouldbepracticedonlyingandstandingpositioninordertoreducethestiffness  

of truncalmuscles．  

（5）Ifthepatientcomplainsoffatigueand／orthewalkingspeedbecomesslow．arestshouldbe  

takenforafewminutes．Thenumberofgaittrialsshouldbeincreasedgradually．Itisrecommended  

thatthewalkingdistanceshouldbeincreaseddaily．Thepatientshouldpracticefrequentlyforshort  

periodoftime、ratherthanspendinglongperiodoftimedoinggaittrialsoverandover．  

〇   



2 APPENDIX   

Thefollowingaresummariesoforiginalreportspublishedpreviously．   

［1］WalkingCycleafterStroke（Nakamuraetal．1988c）  

Severalstudies onquantitativegaitanalysisofhemipareticstrokepatientshaveindicatedthat  

temporal－distanceparametersareclinicallyusefulindicators for assesslnggaitperformance and  

monitoringrecovery（M壷rahietal．1982，Brandstateretal．1983）．Since wa】kingspeedimproves  

duringthefirst12weeksalldthereislittleconsistentimprovementafter3months（Wadeetal．1987），  

itisimportanttoanalyzethechangesthataretakingplaceinthegaitcomponentsduringtheperiod  

Ofgreatestrecovery・Werecordedthechangesinthegaitcomponentswithinan8rweekperiodafter  

StartlngaCOnVentionalgaittraininginstrokepatients．   

Tenhemipareticpatientsaged44to70yearsoldparticipatedinthestudy．Thedurationfromthe  

StrOkeonsettothestartofgaittrainingwas2．1（range：1．2－4．5）months．Thepatientswalkedas  

fast as possible on a specially manufacturedlOm walkway which automatically calculated the  

average speed（m／min），Cadence（steps／min）and stridelength（m）．The measurements were  

performed prior to the start（Oweek）．in themiddle（4weeks），and at the end（8weeks）of a  

COnVentionalphysicaltherapyprogramwithgaittraining．   

TablelpresentsmeansandS．D．softhegaitcornpOnentS，i．e．，Walkingspeed，Cadenceandstride  

length．There was a significant differencein each variablebetween the three measurements（p＜  

0．01）．Walkingspeedsignificantlycorrelatedwithcadenceandstridelengthineachmeasurement  

（p＜0．05）．BothatOand8weeks，aSignificantcorrelationwasobservedconsistentlybetweeneach  

Variableandthetimesinceonset，eXCeptforthestridelengthatOweek．At4weeks．walkingspeed  

andstridelength wereprimarily relatedto thestage ofmotor recovery（Brunnstrom1970）、and  

Cadencetothedurationofi11ness．Theseresultsconfirmpreviousreportsthatimprovementofgalt  

performancetakesplacerapidlyduringtheearlyrecoveryphase（Wadeetal．1987）andiscoupled  

withrecoveryofmusclestrengthofthepareticlowerextremity（ドakamuraetal．1985，Bohannon  

1986）．Moreover．thelongerapatienttakestostartgaittraining．thelesserthechancethathe／she  

Tablel Means of maxjmum walking speed，Cadence  

andstridelengthpriortothestart（0），inthe  

middle（4）andattheend（8）of8weeks gait  
tmining．  

Durationoftraining（weeks）  

0  4  8   

Maximumwalking   15．3  25．2  34．7   

Speed（m／min）   （6．6）   （9．7）   （12．3）   

Cadence   68．1  88．8  106．2   

（steps／min）   （18．0）   （19．7）   （20．4）   

Stridelength   0．44  0．55  0．64   

（m）   （0．10）   （0．15）   （0．16）   

（）：S．D．  （Nakamura etal．1988c）  

6   
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Walkingspeed（m／min）  

speed to cadence and stride  Figure3 Relationship of maximum walking  

1ength  

Dashedlines（a，b，C）ofljnearregressionare；  

a：WR＝3．25MWS＋23．0，r＝0．746，p＜0．01；  

b：WR＝1．13MWS十66．4，r＝0．755，p＜0．01；and  

C：SL＝0．012MWS＋0．25，r＝0．940，p＜0．01．  

MWS：maximumwalkingspeed，WR：cadence，andSL：stridelength・  

（Nakamuraetal．1988c）  

wouldregaingoodperformance．Figure3showstherelationshipofwalkingspeedtocadenceand  

stridelength．Theslope ofthe regressionequationbetweenwalkingspeedandcadenceisrather  

steep，Whenwalkingspeedisslowerthan20m／minandcadenceisfewerthan90steps／min．The  

relationshipofwa】kingspeedtostridelengthisconsistent．Inthegroupwithwalkingspeedslower  

than20m／min，thecorrelationbetweentheincreaseinwalkingspeedandtheincreasesincadence  

andstridelengthwerea11significant（p＜0．01）．However，thecorrelationbetweencadenceandstride  

lengthwasnotsignificant．Bothcadenceandstridelengthappearedtobevariablesthatdetermined  

independentlythewalkingspeedinthosepatients．Inthegroupwithwalkingspeedfasterthan20m／  

min，thecorrelationwassignificantonlybetweentheincreaseofwalkingspeedandthatofstride  

length（p＜0．01）．Inhemipareticpatientswithwalkingspeedfasterthan20m／min，alimitingfactor  

Ofwalkingspeedwasthedecreasedstridelength．Itseemsthattherelationshipofwalkingspeedto  

Cadenceandstridelengthindicatesatypicalrecoveryprocessofwalkingcapacityinstrokepatients．   

［2］TheRecoveryProcessofMaximumWalkingSpeedafteraStrokeFits  
theHyperbolicFunctionbyCAGT（Nakamuraetal．1988d）  

The maximum walking speed of hemiparetic stroke patients under the CAGT program was  

COmparedwiththatofpatientsbeingprescribedtheconventionalgaittrainingprogram．   

Thirtyhemipareticstrokepatientsaged44to80yearsoldparticipatedinthestudy．Thetimesince  

StrOkeonsetwas4to20weeksbeforethestartofgaittraining．Seventeenpatientsunderwent a  

COnVentionalgait training program for atleast5weeks（range：5－14weeks）and served as the  

COntrOlgroup・Theremaining13patientsweremanagedusingCAGTprogramformorethan4weeks  

7   



Table2 Characteristicsofthecontrolandexperimentalgroups  

ControI Experimental   

Sex（male：female）   4：13  11：2   

Sideofparesis（1eft：right）   11：6  6：7   

Age（years）   59．9 57．2  

（8．2） （7．8）  

Stageofmotorrecovery   4．1 3．5  

（1．5） （1．5）  

Timesinceonset（weeks）   10．8 11．0  

（4．5） （4．7）  

（）：S．D．  （Nakamura etal．1988d）  
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Figure4 Sequentialchanges of the cadence and the stridelength relative to the  

maximumwalkingspeed（A）andtI10SeOfthemaximumwalkingspeedtothe  
timesincestrokeonset（B）intwopatients  

Thetimesincestroke onsetis20weeksfor control，N．T．，1efthemiplegla，female and45  

yearsold，and5weeksforexperimental，K．K．、1efthemiplegia，femaleand48yearsold．The  

figuresclearlydemonstratethattheearlierthegaittrainingstarts，themorethefunctional  

gaininashortperiod．  

（Nakamuraetal．1988d）  

（range：4－10weeks）．Bothgroupswerealso prescribedphysicaltherapyusingthedevelopmental  

approach（Nakamura1977）．Table2presents characteristics of thecontrolandthe experimental  

groups atthestartofgaittraining．Gaitmeasurementswereperformedpriorto thestartofgait  

trainingandonceaweekthereafterforatleast4weeks．Successivechangesingaitcomponents，i．e．，  

Walkingspeed，Cadenceandstridelength，WerereCOrded．   

Thecharacteristicsofbothgroupswerenotdifferentsignificantlyexceptforthesex－difference．  

Sincesexrdifferenceofstrokepatientsisnotrelatedtoimpairedgaitperformance（Holdenetal・  

1986、Bohannon1987），thedifferenceofvariablesiIlgaitcomponentsbetweenthetwogroupscould  

be due to the difference of gait training programs・Figure4presents an example of sequential  

changesofcadenceandstridelengthrelativetowalkingspeed，andthatofwalkingspeedtothetime  
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Sincestrokeonsetintwopatients．N．T．andK．K．．belongingtothecontrolandtheexperimental  

group．respectively．Althoughtherelationshipofcadenceandstridelengthtowalkingspeedfollow  

thestandardvaluesin N．T andK．K，those ofK．K．approximate thestandardvalues more than  

thoseofN．T．Therelationshipbetweentimesinceonsetofstroke（Ⅹ）andwalkingspeed（y）canbe  

presentedintermsofacoefficientforthehyperbolicfunction，y＝A－B／Ⅹ．ComparedtoN．T．．ahigh  

correlationcoefficientwasobtainedinK．K．Applyingtheformulaetoeachpatient，WeObtainedthe  

Table3 Theparameters（AandB）andtlleCOrre・  
1ation coefficient（r）of hyperbolic func－  

tion，y＝A－B／Ⅹ，Of eacllpatientin the  

COntrOlandexperimentalgroups  
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y：maximumwalkingspeed，Ⅹ：timesinceonset  

N：numberofgaitmeasurement．  

X♪＜0．05．…♪＜0．01．  

（Nakamuraetal．1988d）  
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ValuesofparameterAandB，andthecorrelationcoefficient（Table3）．Theratio ofpatientswith  

Significantcorrelationbetweenxandytothosewithoutwasdefinitelylargerintheexperimental  

thaninthecontrolgroup（p＜0．05）．ThisindicatedahighfeasibilityofCAGTprogramforpredict－  

1ng the recovery of walking capacityin the experimentalgroup．Moreover，the LA’value of the  

patientswithsignificantcorrelationtendedtobelargerintheexperimentalgroupcomparedtothe  

COntrOlgroup、SuggeStingthat themaximum walkingspeed that couldbe attainedishighin the  

experimentalgroup．The CAGT program，utilizing patient’s cognltlVe function、facilitates the  

naturalrecovery of walking capacity and enhances the functionalgain．AIso．CAGT makesit  

possibletopredictthewalkingcapacity，i．e．，themaximumwalkingspeed．   

［3］HowtoApproximatetheRelationshipBetweentheTimeSinceStrokeOnsetand  
theMaximumWalkingSpeedtoHyperbolicFunction，y＝A－B／Ⅹ  

（Nakamura etal．1991）  

Althoughtheapproximationoftherelationshipbetweenthetimesincestrokeonset（TSO）andthe  

maximum walking speed（MWS）by the hyperbolic functionis possiblewith data from two  

measurementsofdifferentweeks，datafrommorethanfourmeasurementsarepreferabletoobtain  

anequationwhichisrelativelyaccurateforthepredictionofMWS．Practically，fivedatacouldbe  

Obtainedwithin4weeksintheCAGTprogram．whicharesufficientforthepredictionofoutcome．  

The approximation to the hyperbolic function．y＝A－B／Ⅹ，is performed by means of alinear  

regressionbetweenthereciprocalnumberofTSOandMWS（Figure5）．Intheequation，yisMWS  

（m／min）andxisTSO（weeks）．InthiswaytheparametersAandBaredetermined．   

ThereareafewpatientswalkingwithslowspeedatthestartofCAGTduetodisusesyndrome  

ノ／  

／  

60  

F 50 

40  

30   
0．07 0．08 0．09 0．10 0・11 0・12  

Ⅹ  
8  9  10 11 12 13 14  

Ⅹ  

Figure5 Approximationbyahyperbolic（A）andalinearfunction（B）  

Ⅹ：the time since stroke onset  

y：themaximumwalkingspeed．  

X：1／Ⅹ  

Dataof5pointscorrespondto（Ⅹ，y）＝（9．1，39．7）．（10．1、47・6），（10・9，55・1），（11・9・  

57．7），（12．9．60．0）  

A：y＝111．5－643．8／Ⅹ  

B：y＝111．5－643．8Ⅹ  

R2＝0．96  
（Nakamuraetal．1991）  
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Figure6 Relationofthetimesincestrokeonsetto  

themaximumwalkingspeedin apatient  

Withdisusesyndrome  

（Nakamuraetal．1991）  
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Figure7 Relationbetweenthemeasuredmaximumwalkingspeedand  

thepredictedone  

Usingthedatawithin4weeksafterstartingCAGT，theapproximationtohyperbolic  

functionwasperformed、andthepredictedmaximumwalkingspeedat8and12weeks  

later was calculated．  

（Nakamuraet aJ．1991）   

CauSedbystayinginbedalldaylong．althoughtheirneurologicalimpalrmentSaremildormoderate．  

ThosepatientsshowrapidincreaseofMWSwithinl－2weeksafterstartingCAGT．Thereafter，the  

improvementofMWSisminimal（Figure6）．Insomeofthosepatients，theapproximationdoesnot  

reachastatisticalsignificance．   

Figure7presents the relationship betweenthe measured MWS and the predicted one from the  

equationwhichwascalculatedusing4weeks’dataat8and12weeksafterstartingCAGT．Inpatients  

WithMWSabovelOOm／minat80r12weeksafterstartingCAGT、thedifferencesbetweenmeasured  

and predicted values areratherlarge．Infactthe differences at12weekstendtobestatistically  

Significant．However．thedifferencesarenegligibleinthosewithMWSbelowlOOm／min（Table4）．  

OurpreviousstudyprovedthatstrokepatientswithMWSmorethan80m／minwereindependentin  

mostactivitiesofdailylife、includingcareofelderlyparentsorsickfamilymembers（Sajikietal．  

1989）．Accordingly，itisrecommendedthatthepredictionshouldbeusedonlyforspeedsbelowlOO  

m／minwithinthesettimeof12weeksafterstartingCAGT．  
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Table4 Ratio between the estimated and the  

measuredmaximumwalkingspeedat8and  

12 weeks after startina CAGT 

measuredspeed／predictedspeedxlOO％  

8weeks  n＝20  

94．1（17．4）％  

12weelくS   11＝13  

92．5（14．4）％  

patientswithMWSbelowlOOm／min  

8weeks  n＝15  

97．9（18．3）％  

12weeks  n＝9  

95．7（16．4）％  

meaIl（S．D．）  （Nakamura et al．1991）  

Figure8 Variables predicted by the use of hyper－  

bolic fuJICtion  

See text．  

（Nakamuraetal．1991）   

When thehyperbolicfunction obtained bytheapproximationisstatistica11yslgnificant，We Can  

estimatethefollowlng，uSlngparameterAandB．InFigure8wesubstitute80forAand321forB．   

Aistheasymptoticvalue，preSentingtheattainableMWSinthefuture．   

A／2isahalfoftheattainableMWS，and2B／Aisthetime（TSO：weeks）whenMWSbecomes  

A／2．A－√官and√すindicatethepointatwhichthetangentline，y＝Ⅹ＋C，COmeSintocontactwith  

thehyperboliccurve，y＝A－B／Ⅹ．Aroundthispoint，thegainofwalkingspeedwouldbelm／week．  

Beforethatpoint，thegainofwalkingspeedcouldbemorethanlm／week，andafterthatpoint，1ess  

thanlm／week．   

Based on the data of65patientswith statistically slgnificant approximation．determinants of  

parametersAandBwereanalyzedusingage、bodyheight，bodyweight、SenSOrydisturbance．TSO．  

MWSatthestartofCAGT（initialvalue：IV）．andmaximumisokineticstrengthforkneeextension  

from90toOdegreeswithanangularvelocityof30D／secoftheaffectedside（A－IK）astheindepen－  

dentvariables．  
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A＝0．973×A－IK＋71，203（R2＝0．40）  

B＝86．126×TSO＋5．358×A－IK－291．552（R2＝0．53）  

2B／A＝1．405×TSO－0．118×IV＋4．33（R2＝0．81）   

The result of a regression analysIS applied to the data of91patientsindicates the followlng  

equation：  

2B／A＝1．552×TSO－0．115×IV＋3．003（R＝＝0．955）   

Withthesolutionoftheequation．wecanestimatethepotentialforwalkingcapacity・   

Figure9illustratesvarioushyperboliccurves、SubstitutingdifferentnumbersintoAorB・Inthe  

upper figure．parameter Ais a fixed number80．Thelarger the value of Bis，the slower the  

improvementofwalkingspeed．Inthelowerfigure，parameterBis321・Then、thelargerthevalueof  

Ais，thehighertheattainableMWSandthebettertherecoveryprocess．  

B＝150  
B＝300  
B＝600  
B＝900  

（
已
…
∈
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）
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A＝60  

A＝40  

（
已
叫
∈
＼
E
）
ゝ
 
 

ノ官  Ⅹ（weeks）  

Figure9 Varioushyperbolicfunctions，y＝A－B／Ⅹ，  

SubstitutingdifferentnumbersintoAand  

B  

（Nakarnura et al．1991）  

［4］PredictionofParameterA，Band2B／AattheStartofCAGT（Nakamuraetal．  

1992，1997）  

FromJanuary1988toFebruary1991，385strokepatientswereadmittedformedicalrehabilitation  

to Narugo－Branch Hospital，Tohoku University Schoolof Medicine．Among themlO9patients  

（28．3％）wererecruitedasthesubjectsfortheCAGTprogrambasedonfollowingcriteria：（1）  
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thevcouldwalkwithoutany walking aid atthestartofphysicaltherapy or attainedthelevelof  

Stablestandingpostureduringthephysicaltherap〉－；（2）theirMWSwasbelowlOOm／min：（3）  

theirtrainingprogramcontinuedformorethan7weeksafterstarting CAGT：and（4）CTscan  

examinationwasperformedbeforestartingthemedicalrehabilitation．   

Astatistica11ysignificant approximationtothehyperbolic function was obtainedin91patients，  

i．e．，83．5％of the totalsample population．From the data of91patients．the determinants of  

parameterAandBofhyperbolicfunction、y＝A－B／x，and2B／A，thetil↑1eatWhichMWSreached  

toA／2，WereeStimatedusingstepwiseregressionanalysis．SinceMWSissignificantlyrelatedtoage，  

theisometricmしISCularstrengthforkneeextensionandthebodyweightinhealthymalesubjects（Ito  

etal．1989），andtheisokineticstrengthforkneeextensionoftheaffectedsideandthestabilityof  

Standingbalanceinhemipareticpatients（Nakamuraetal．1985．Mojicaetal．1988．Nakamura1991）．  

the followlng eight variables were used asindependent variables；sex．age，height，body weight，  

TSO，MWSatthestartofCAGT（ⅠⅤ），andisokineticstrengthforkneeextensionoftheaffected（A－  

IK）and the non－affected side（N－IK）from90degreesflexed position to O degreewith angular  

Velocityof300／sec．Resし11tsrevealedthefollowing：  

（1）theparameterAcouldbeestimatedbyA－IKandIV（R＝0．657．R2＝0．423），  

（2）BwasestimatedbyTSOandA－IK（R＝0．769、R2＝0．591），and  

（3）2B／AwaspredictedbyTSOandIV（R＝0．977，R2＝0．955）：  

2B／A＝1．522×TSO－0．15×IV＋3．003  

ThepredictionofAandBispossibleusingthedataofA－IK，MWSandTSOatthestartofCAGT．  

althoughtheaccuracyofpredictionisnotsohigh．Onthecontrary．thepredictionof2B／A、i．e．．the  

timeatwhichMWSreachesthehalfofitsestimatedhighestvalue，isaccurateandpracticallyusefu1  

accordingto ourexperience．   

Thehyperbolicfunctionrevealsthatasma112B／Acorrespondswithquickrecoveryofwalking  

CapaCityandalargeonewithslowrecovery．Themultivariateanalysisindicatesthatthelongerthe  

TSOandtheslowertheMWSatthestartofCAGT．thelonger2B／Ais．Thesefindingssuggestthat  

therecoveryrateofwalkingcapacitywi11dependuponthetimeelapsedfromthestrokeonsettothe  

Start OfCAGT and also to the MIVS atinitialassessment．   

［5］WhoseRecoveryisMostPredictable？（Nakamuraetal．1992）  

UsingthedataoflO9patientswhounderwentCAGT，Weattemptedtoclarifythecharacteristics  

Ofagoodcandidatefor CAGT，and also tofindouttherelationshipbetweenthetypicalrecovery  

patternofwalkingcapacityandthelocalizationofcerebrallesions．Thecharacterisitcsofpatients  

Were Obtainedfrom thedata basecalled‘RES（recovery evaluating system）’which stored demo－  

graphicandneurologicalstatusandfunctionalmeasuressuchastheBarthelindexofevery4weeks  

forallstrokepatientsadmitted（Nakamuraetal．1990b、1991，1999）．   

Asignificantapproximationtothehyperbolicfunctionwasobtainedin91patients（fitgroup），but  

notintheremaining18patients（non－fitgroup）．Table5presentsthedemographicvariablesandthe  

neurologlCalimpairmentsattheadmissionofthetwogroups．Therewerenostatisticallysignificant  

differenceofage．TSO，height、bodyweight．andneurologicalimpairmentsbetweenthetwogroups．  

Table6shows A－IK and N－IK at the start of the CAGT and the MVVS before and7weeks after  
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Table5I）emographicvariablesandneurolog）CalimpalrmentSOfthefitandthenon－fit  
groupat theadmission．Al］variablesarenotstatisticallydifferentbetweenthe  

twogroups  

Fit（n＝91）  Non－fit（n＝18）  

Age（years）   

TimesinceoTISet（weeks）   

Height（cm）   

Bodyweight（1くg）   

Sex（lnale：female）  

Pareticside（1eft：rigllt）  

Diagnosis（SAH：CIi：CI）b  

Palsさ7  

（flaccid＋：－）  

（spastic＋：－）  

Sensorydisturbance（＋：－）  

Hemianopsia（＋：－）  

Abnormalocularmovement（十：－）  
Nystagmus（＋：－）  

Vertigo（＋：－）  

Exaggeratedtendonref】exes（＋：－）  

Pathologicalreflexes（＋：－）  

Dysphagia（＋：－）  

Dysarthria（＋：－）  

Aphasia（＋：－）  

Ataxia（＋：－）  

Invo）untal・ymovements（＋：－）  

Urinary＆bowelincontinence（＋：一）  

Cognitivedisorders（＋：－）  

ⅤIQ（≦59：60－79：80≦）  

PIQ（≦59：60－79：80≦）  

58．7■  

（11．8）   

14．3■  

（5．7）  

156．7＊   

（8．7）   

57．4＊   

（8．2）  

12：6   

9：9  

1：5：12  

2：16   

12：6   

8：10   

1：17   

1：17   

1：17   

0：18  

18：0  

15：3   

1：17   

8：10   

6：12   

3：15   

2：16   

1：17   

6：12   

4：8：6   

4：9：5  

57．3a   

（11．0）   

11．9   

（5．9）   

159．7   

（7．5）  

58．8   

（7．7）  

66：25   

46：45  

3：41：47  

10：81   

75：16  

48：43   

12：79  

0：91  

0：91  

2：89   

90：1  

87：4  

3：88  

24：67  

26：65  

9：82  

5：86  

5：86  

41：50  

20：28：43   

16：40：35  

■t－teSt：nomarks，X2－teSt  

aValuesareexpressedasthenleanwiths．D．inparentheses．  

bSAH，Subarachnoidhaemorrhage；CH，intracerebralhaemorrhage：CI，Cerebralinfarction；  

VIQandPIQ，WechslerIntelligenceScore（V，Verbal：P，performance）．  

（Nalくarhuraetal．1992）  

CAGTofthetwogroups．Comparedtothenon－fitgroup，MWStendedtobeslowinthefitgroup  

atthestartofCAGT，butitsgainduring7weekswassignificantlylarge（p＜0．01）．CTscanfindings  

WereClassifiedaccordingtothepresenceorabsenceofpathologlCallesionsonthefrontalcortex．the  

COrteXeXCeptthefrontallobe，theinternalcapsule，thebasalganglia．thethalamus，andthecerebel－  

1umandthebraillStem、reSpeCtively（Table7）．Theratiobetween thepatientswithlesionsofthe  

frontallobeandthosewithoutwassignificantlylowerinthefitgroupthaninthenon－fit（p＜0．05）．  

Onthecontrary，theratioofthepatientswithcapsularlesionstothosewithouttendedtobehighin  

thefitgroup．Table8presentstheratioofthepatientsbetweenthefitandthenon－fitgroup、based  

Onthepresenceorabsenceoflesionsoftheinternalcapsuleandthefrontallobe．Thepercentageof  

patientswithsignificanthyperboliccurvefittingwashighestin thedimension ofcapsularlesions  
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Table6 TheisokineticstrengthfDrkneeextensionofthebothsides  

at the start of CAGT，and the maximum walking・Speed  

before and7weeks after CAGT of the fit and the non－fit  

grOup  

Fit（n＝9】）   Non－fit（n＝18）  

A－IK（N111）8  

N－IK（N111）   

MWS（m／min）：lV   

MWS（m／min）：post  

30．7  

（27．9）  

91．1  

（41．1）  

42．1＋  

（25．3）  

57．9  

（26．1）  

15．7＝  

（17．5）  

32．3a  

（31．3）  

96．0  

（38．6）  

30．7  

（25．9）  

61．1  

（32．4）  

MWS（m／min）：difference  30．4  

（post－Ⅳ）  （19．5）  

IV：MWSatthestartofCAGT，pOSt：7weeksafterCAGT  

aValuesareexpressedasthemeanwiths．D．inparentheses．  

＋z）＜0．1，＊’f）＜0．01（t－teSt）．  

（Nakamura et al．1992）  

Table7 Thenumberofpatientsclassifiedintothetwogroups，withlesion  

（＋）andwithout（－）．byCTfindingsinthefitandthenon－fit  

grOup  

Fit（n＝91）  Non－fjt（n＝18）  

CT findings Lesiol? Lesion  

＋：－  ＋：－  

Frontal lohe 

Cortes except frontal lobe 

Internal capsule 

Basal ganglia 

Thalamus  

Cerebellum and brainstem  

22：69  

22：69  

51：40  

44：47  

19：72  

4：87  

5：13  

9：9●  

6：12⊥  

8：10  

3：15  

2：16  

＋p＜0．01，雷♪＜0．05（x2test）．  

（Nakamuraetal．1992）  

Table8 The ratio of the patients between the fit and non－fit  

groups，dividedbythepresence（＋）ortheabsence（－）  

Ofthecortical（exceptfrontal）andthecapsularlesions  

Corticallesions  

（exccptfrontallobe）  

＋   

＋   
5／3a  46／3  

Capsularlesion  
（62．5／37．5）  （93．9／6．1）  

17／6  23／6  

（73．9／26．1）  （79．3／20．7）   

ax／y：xisthenumberofpatientsinthefitgroupandyisthatinthenon－  
fit．Valuesinparenthesesareexpressedin％．  

（Nakamura etal．1992）  

J6   



（＋）andcorticalinvoIvementexceptforthefrontallobe（－）．suggestingthattherecoveryprocess  

Ofwalkingcapacitywasmostlytypicalandpredictableinthepatientswithcapsularlesions、frontal  

lobelesionsandanotherwiseintactcortex．Demographicvariablesandneurologicalimpairmentsdid  

notdiscriminatethefitgroupfromthenon－fit．However．CTscanfindingsrevealedthatthepresence  

Of a capsularlesionwithout corticallesions except the frontallobe could be predictive of the  

recovery of MWS．Althoughthe neurophysiologicalmechanisms of such recovery are not well  

understood，animalstudiessuggestthatboththesynapticsproutingandunmasking．l．e．，releasefrom  

inhibition，mayunderliethosemechnisms（Steinetal．1974，Finger1978，Fingeretal．1988．Goldstein  

et al．1990）．The presence of anintact cerebralcortex would be a favorable condition for such  

StruCturalreorganizationafteradamageoftheinternalcapsule．   

［6］BiomechanicalDeterminants and Predictors of the Maximum Walking Speed  
duringCAGT（Suzulくietal．1990，1999a，1999b）  

Severalstudieshaveindicated that the speed ofhemiparetic gaitis related to the stability of  

Standingbalanceandthemusclestrengthoflowerextremities（Hamrinetal．1982．Dettmannetal．  

1987、Bohanonn1989，Suzukietal．1990）．However．theimportantbiomechanicalfactorsofhemipa－  

reticgaitandthefactorsthatpredictgaltreCOVeryduringrehabilitationhavenotbeenelucidated．  

Forinstance，Goldieetal．（1999），tryingtoquantifythepredictionofwalkingspeedinambulatory  

StrOkepatientsduringrehabilitation，COnCludedthatasimpleapproachuslnginitialwalkingspeed．  

age，Sideoflesionandneglectaspredictorsforthewalkingspeed4weekslater、WaSimpreciseon  

anindividualbasis．Inthisstudy，Weinvestigatedthebiomechanicaldeterminantsandpredictorsof  

MWSinhemipareticpatientswithinthefirst3monthsafterstrokeonset．   

Thirty－fourmalepatientsparticipatedinthestudy．TheywererecruitedasthesubjectsforCAGT  

basedonfollowlngCriteria：（1）TSOwaswithin3months、（2）theycouldwalkoveralOm  

distancewithoutanyaidatthestartofCAGT．（3）theirMWSwasbelowlOOm／min，and（4）  

theycouldundergoCAGT40r5dayseveryweekformorethan8weelくS．MWSwasrecordedonce  

a week・Quantitativemeasurementsofstandingbalance．i．e．．stability and posturalcontrol、Were  

performedusingaforcemeasuringplatform（9807Y9system：Kistler．Winterthur）andapersonal  

COmputer・ThesubjectstoodonthecenteroftheplatformwitheyesopenandfeetlOcmapart．The  

positionofthecenteroffeetpressure（CFP）wasdeterminedeverylOmsecforlOsecandquantified  

astoitsxandyvalues（FigurelO）．Theswaypath（SP）wasdefinedasthetotallengthofthesway  

OfCFPapproximatedbythesumofthedistancebetweensuccessiveinstantaneoustwosampling  

points・ThechangesofCFPweremeasuredwhilethesubjectshiftedhisbodyweightleftandright、  

andheldeachpositionforlOsecasmuchaspossible．ThepercentageofthechangeofCFPinrelation  

tothedistancebetweenthelateralmarginsoffeet（LR％）wasthencalculated（Figurell）．Inthe  

Same Way，the changes of CFP while the subject shifted his body weight back and forth were  

measured，andthepercentageofthechangeofCFPrelativetothefootlength（FB％）wascalculated．  

Themaximumisokineticmusclestrengthforkneeextensionfrom90toOdegreeswithanangular  

Velocityof30．／secofboththeaffected（A－IK）andthenon－affectedsides（N－IK）wasmeasuredwith  

adynamometer（CybexII：Lumex、NY）．Threetrialswereperformedwithintertrialintervalsof  

morethan30sec．Thehighestva】uewasusedasdata．  
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Figure10 Schematicpresentation ofCFTandSP measurements  

X：forceX，Y：forceY，andZ：momentaryce11terOffeetpressure（CFP）．  

Themidpositionoftheforceplatformistakenasthezeropoint．TheCFPisthe  

CenterOfdistributionofthetotalforcetothesupportingsurface．Themomen－  

tarypositionofCFPisdescribedbyxand ycoordinatescalculatedfromthe  

COmpOnent Verticalforces（zl，Z2、Z3and z4）l〕eing recorded by each straill  

gauge：CFPx＝4Dx†（zl＋z2）－（z3＋z4））／（z］＋z2＋z3＋z4）：CFPy＝4Dy  

〈（zl＋z4）－（z2÷z3））／（zl＋z2＋z3＋z4）whereDxandDyindicatethedistance  

betweenstraingaugesontheleftandrightcolumnsaswellastheforeandaft  

row，reSpeCtively．ThepositionoftheCFPisdeterminedeverylOmsecforlO  

SeCandquantifiedastoitsxalldyvalues．Theswaypath（SP）reflectsthetota1  

1ellgthoftheswayofCFPapproximatedbythesumofthedistancesbetween  

（Ⅹi＋．－Xi）2＋（）ri＋1－さ7i）2．   

（Mojicaetal．1988）  

SuCCeSSiveinstantaneoustwosamplingpoints：SP＝∑  

FB％  SP  

Figurell Measurementsofstandingbalance  

Swaypath（SP）oftheCFPintheuprightpositionforlOsec．thechangeofCFP  

Whileshiftingbodyweightvoluntarilyintheleft－andright direction（LR％），  
andtheback－and－forthdirection（FB％）areshovm．  

（Suzukietal．1999b）   

Table9showsthedernOgraphicandbiomechanicalvariablesatthestartofCAGT，and4and8  

Weeks thereafter．Allvariablesimproved4weeks after starting CAGT．AIso，the means of the  

Variablesat8weeksimprovedsignificantlyexceptSP．comparedto those at4weeks．Themean  

MWSincreased from40．4to76．5m／min for8weeks．The mean SP wasovertheupperlimitof  
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Table9 CharacteristicsandVariablesofthe Subjects  

Cl?aracteristics Mean（S．D．）  Rallge  

Age（years）  

Bodyheight（cm）  

Bodyweight（kg）  

Timesincestroke onset（weeks）  

54．2（12．3）  28．0－81．0  

160．9（5．8）  148．3－174．1  

60．4（7．0）  47．9－74．5   

8．6（3．0）  1．6－13．8  

Variables  Start  Range  4weeks  8 weeks 

MWS（m／min）  

SP（cm／10sec）  

FB％  

LR％  
N－IK（NIn）  

A－IK（Nm）  

76．5（31．1）＊  

27．0（6．9）  

20．4（13．4）  

36．4（14．8）＊  

134．9（36．0）＊  

60．1（41．0）＊  

40．4（28．6）  

34．6（13．9）  

13．4（9．4）  

24．0（14．6）  

115．8（33．8）  

39．7（30．2）  

63．2（33．0）＊  

28．3（7．5）＊  

17．9（13．0）＊  

31．1（13．1）＊  

127．1（32．4）＊  

52．5（37．6）■  

4．6－98．4  

17．1－76．5  

0．8－31．6  

1．9－55．6  

73．0－211．0  

0．0－130．0  

Variablesreportedasmean（SD）  
＊♪＜．01．  （Suzukietal．1999a）  

TablelO Determinantsofthe Maximum WalkingSpeed  

StanSSion  
Regression Equation R2  

At the start   

MWS。＝8．654＋1．324×LR％。  

At 4 weeks 

MWSJ＝26．761＋．695×A－IKJ  

At8weeks  

MWS8＝42．847＋．560×A－IK8  ．738  

MWSo denotesMWSatOweek．andso on．  

（Suzukietal．1999a）  

normalrange、i．e．，30cm／10sec，atthestartofCAGT．butdecreasedtowithinthenormalrangeafter  

4weeks．MWS was significantly related to SP，LR％．FB％，A－IK and N－IK during CAGT for8  

Weeks．StepwiseregressionanalyseswereperformedusingMWSasthedependentvariable．andage，  

bodyheight，bodyweight，TSO．SP，LR％．N－IKandA－IKastheindependentvariables（TablelO）．  

AtthestartofCAGT．LR％wastheolllydeterminantofMWS．At4and8weeksrespectively．the  

determinantwasA一IK．MWSat4and8weekswassignificantlyrelatedtoMWS．SP．LR％．FB％，  

A－IKandNTIKatthestartofCAGT．TablellpresentstheregressionequationofMWS．Stepwise  

regressionanalysesrevealedthatthemainpredictorat4weekswastheinitialMWS（IV）、followed  

byA－IKandTSO．At8weeksthemainpredictorwasIV，followedbyA－IK．Theresultssuggestthat  

theMWSat4and8weeksafterstartingCAGTcouldbepredictedbyMWS，A－IKandTSOatthe  

StartOfCAGTwithhighcoefficientsofdetermination，  
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Tablell PredictorsoftheMaximum Walking・Speed  

StanSSion  
Regression Equation R2  

At4weeks   

几・ⅠⅥrS4＝35．88＋．649×九・IWS。  

＋．488×A－IK。  

－2．112×TSO  

At 8 weeks 

ⅣnVS8＝36．30＋．620×MWS。  

＋．382×A－IKo  

．843  

．734  

（Suzukietal．1999a）  

［7］Successive Changes of the MaximumWalking Speed，the Sway Path and the   

IsokineticMuscleStrengthforKneeExtensionduringCAGT（Nakamuraetal・  
1997）  

MWS．SP．A－IK，andN－IKwereexaminedonceaweekortwiceamonthsuccessivelyin32stroke  

patientsaged23to72yearsold．   

BasedonMWSatthelastmeasurement，thepatientsweredividedintotwogroups（Table12）、19  

patientsbelongingtogroupA（goodrecovery）and13togroupB（poorrecovery）．1ngroupA，the  

MWSincreasedbeyond30m／minandSPwerewithin30cm／10secduringsuccessivemeasurements．  

whereastheMWSremainedbel（）W30m／minandSPabove30cm／10secinGroupB（Table13．14）．  

StatisticallyslgnificantdeterminalltSOfgoodrecoveryofMWSattheearlyphaseofgaittraining  

WereN－IK，SP，ageandTSO．ComparedtothepatientswithpoorrecoveryofMWS．thosewithgood  

recoveryhadlargerN－IK、Sma11erSPandshorterTSO．andwererelativelyyounger．Usingthedata  

ofgroupA，WeCalculatedtheperiodbetweenthedatewhenMWSexceeded30m／minandwhenSP  

becamelowerthan30cm／10sec．Themeanperiodwasl．2±3．3weeks，SuggeStingthattherewasno  

Statisticallysignificantdifferenceinthetimeofappearanceofthechanges．SPwithintheupperlimit  

ofnormalrange（30cm／10sec）wouldbeindispensablefortheindependentgait（MWSabove30m／  

min）ofstrokepatients．Intheearlyphaseofgaittrainingforhemipareticpatients．improvementof  

thestabilityofstationleadsto asubstantialgainofMWS．  

Table12 Charactcristicsofthetwogroupsattheinitialmeasurement  

GroupA  GroupB   

Sex（male：female）   16：3  8：5  ns   

45．5（11．5）  56．9（8．9）   
＝   

Age（years）  

Pareticside（1eft：right）   10：9  4：9  ns   

13．8（5．9） 18．2（5．8）   TimesillCeOnSet（weeks）  ■   

38．5（6．9）  49．0（15．0）   Swaypath（cm／10sec）  ■   

A－IK（Nnl）   17．0（19．8）   2．2（2．8）   ■   

N－IK（NIⅥ）   93．7（25．8）  66．7（21．0）   
＊＊   

（）：S．D．●p＜0．05，＝p＜0．01  
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Table13 Walkingspeedofthetwogroups  

GroupA  GroupB   

Durationofobservations（weeks）   15．3（5．3） 13．8（6．0）  11S   

Numberofmeasurements   8．4（4．9）   8．1（4．8）  11S   

Initialwalkingspeed（m／min）   12．4（5．4）   8．2（4．2）   ＊   

Lastwalkingspeed（nl／min）   56．6（24．2） 15．7（6．3）   ＝   

Gainofwalkingspeed（m／min／weck）   3．1（2．3）   0．5（0．5）   ■＊   

（）：S．D．◆p＜0．05，■：＊l〕＜0．01  

Table14 BiomechanicaIvariables at theinitialand thelast measurements  

SP（cm／10sec）  

A－IK（Nm）  

N－IK（Nm）  

38．5（6．9）   24．1（4．1） 49．0（15．0）  38．0（10．2）  

17．t）（19．8）   32．5（21．0）   2．2（2．8）   6．6（7．7）  

93．7（25．8） 117．9（41．3） 66．7（21．0）  74．3（19．4）  

（）：S．D．  

［8］FactorsAffectingtheRecoveryofMaximumWalkingSpeedinStrokePatients  
（Nagasaki1992）  

Clinicalexperienceindicatesthatasregardstherecoveryofwalkingcapacityafterstroke．there  

isawiderangeofindividualdifferenceamongpatientsinafewmonthsafterstartinggaittraining  

（Mizrahietal．1982、Winsteinetal．1989．Nakamuraetal．1992）．Thenaquestionarisesastowhich  

demographicvariablesincludingneurologicalimpalrmentS are relativelysimplepredictors ofthe  

recovery ofwalkingcapacity．Asforgait and／ormotorfunction ofthelowerextremity，SeVeral  

Variablesarereportedaspredictors，e．g．，initialwalkingspeed．ageandearlyadmissiontorehabili－  

tationhospital（Gowland1982，Friedman1990，Mayoetal．1991．Nakamuraetal．1991）．   

The recovery ofMWS was examinedin strokeinpatients during8weeks ofphysicaltherapy．  

Motor functions，neurOlogicalimpairments．and age of the patients were considered as factors  

affectingtherecovery．Dataof81patientsaged28to81yearsoldwereobtainedfromthedatabase  

‘RES（recoveryevaluatingsystem）．、TheTSOrangedfromllto166days．Thepatientscouldwalk  

atleastwithwalkingaids．andunderwentCAGTfor8weeksatNarugo－BranchHospital，Tohoku  

University Schoolof Medicine．A factor analysis after a promax rotation was performed on22  

neurologlCalsignsandsymptomsatthetimeofadmission，Whichclassifiedthosevariablesintofive  

nearlyindependentfactors：HEMIPLEGIA，SENSORY disturbance、muSCle TONE，ATAXIA and  

disordersofCOGNITION．Biomechanicalvariablesrelatedtowalkingcapacity、i．e．，A－IK，N－IK，  

SP、LR％and FB％，Werealso factorially analyzed and representedby threeindependent factors，  

namely：musclestrengthoftheaffected（A－MUSCLE）andthenon－affected（N－MUSCLE）lower  

extremity，andposturalSTABILITY．MWSwasmeasuredatthestartofCAGTand8weekslater．  

ThedifferenceofMWSbetweenthetwomeasureswasregardedastherecoveryofwalkingspeed  

duringthepast8weeks．Apath－analysismodelwasdesignedin ordertoanalyzethepossiblecausal  

relationshipsbetweentherecoveryofwalkingcapacityandneurologicalimpairments，mOtOrfunc－  
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－0．49  

Figure12 The path－analysis modelof the recovery of maximum  

Walking speed during 8weeks，and path coefficients  

Obtainedfor81patients  

Upperfigure：patientswiththemaximull］Walkingspeedbelow5Om／min  
at admission（R2＝0．55）．  

Lowerfigure：patientswith themaximum walking speed above50m／  
mill（R2＝0．33）．  

（Nagasaki1993）  

tionandage．InFigure12，neurOlogicalimpalrmentSarerepreSentedbyscoresoffivefactorsand  

impairedmotorfunctionbythreefactors．asshownbythelabelseachenclosedbyan oval．Itwas  

assumed that the recovery was determined by motor functions and neurologicalimpairments  

directly，andalsobytheimpairmentsindirectlythroughtheirinfluenceonmotorfunctions．Ageand  

TSOmightaffecttherecoveryindependently．MWSatthestartofCAGT，Whichwasalsoreiatedto  

every demographic．neurologlCaland motor conditions、COuldinfluence the recovery of walking  

CapaCityduringCAGT．   

Thepatientsweredividedintotwogroups：onegroupwithMWSlessthan50m／minandtheother  

groupwascomposedofpatientswithMWSgreaterthan50m／minatthestartofCAGT．1nFigure  

12、thepathcoefficientsaboveO．2aresuperimposedonthemodelforthetwogroups．For45patients  
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Fig・ure13 Relationofthemaxjmum walkingspeedtothecadence  
Datawereobtainedfrom81strokepatientsatadmission．Therelationof  

maximumwalkingspeedtocadenceforcommuIlity－1ivingelderlypeople  

isshownbytheregressionline．  

WithMWSlessthan50m／miIl，allofthemotorfunctionfactorshadadirecteffectontherecovery  

Ofwalkingcapacity．andTSOhadanegativeeffectsontherecovery．Thatis，thelongertheTSO，  

thelessertherecoveryofwalkingcapacityis．TheinitialMWSandagehadnoeffectontherecovery  

Ofthisgroup．Incontrast，theresultsofthepath－analysisof36patientswithMWSgreaterthan50  

m／minshowedthatbothneurologicalimpairmentsandimpairedmotorfunctionswerenotrelatedto  

therecovery．Instead，theageofthepatientshadanegativeimpactontherecovery．Anegativepath  

COefficientfromtheinitialMWStotherecoveryofwalkingcapacitysuggestedthatpatientswith  

higherMWSshowedrelativelylessrecoveryduringsubsequentCAGT．Theresultsofthisanalysis  

indicatethattherecoveryofwalkingcapacityinpatientswithMWSbelow50m／minisunderthe  

directimpactofneurologicalimpairments、WhereastherecoveryofpatientswithMWSabove50m／  

minisrelatedtotheirage．Therelationshipbetween MWS andcadenceat thestart ofCAGTis  

ShowninFigure13．Thesamerelationshipfor392elderlypeoplelivingilldependentlyinthecommu－  

nityisalsopresentedin thefigure．Thecadenceislinearlyrelatedto MWSforthepatientswith  

MWSgreaterthal150m／min，andthisrelationshipisnotdifferentfromthatofelderlypeoplewithout  

StrOke．Figure13alsosuggeststhatMWSofstrokepatientsismostlydeterminedbytheirageafter  

MWSrecoveredbeyond50m／min．Itisimportantformedicalrehabilitationofstrokepatientsto  

enhance their walking capacity so as to be able to walk at MWS greater than50m／min，and  

improvlngmuSClestrengthofthebothlowerextremitiesandposturalstabilityareprerequisitesfor  

thispurpose．   

［9］EffectofAnkle－FootOrthosis（AFO）onBodySwayandWalkingCapacity  
（Mojicaetal．1988，Nakamura1991）  

Previousstudieshaveshownthatinhemlpareticpatients、thegreaterthebodyswayorpostural  

instabilityatstationwas，thepoorerthewalkingcapacity（Dettmannetal．1987，Nakamuraetal．  

1988b）．Bohannonetal．（1984）andBohannon（1987），meaSuringtheabilitytobalancewiththeeyes  

2ヲ   



OpenOrClosedandthefeettogetherinnormalsubjects2Oto79yearsoldandinhemiplegicpatients，  

reported that dysfunction of balance was strongly related to age and walking capacity．i．e．．the  

balance decreasedwith agealld that astheba）anceimproved，SO did the walkingcapacity．Hemi－  

Sphericlesions of stroke patients could bring about dysl－egulation of posture．balance and gait．  

producinginstabilitvinstandingposture．Peripherally，Weaknessoftheaffectedlowerextremityas  

Wellas mediolateralinstability of the ankle joint wouldincrease body sway and hinder gait  

performance（Perry1969、Hakamuraetal．1985，Lehmannetal．1987，Nalくamuraetal．1988b）．The  

useofankle－footorthosis（AFO）promotesankleandfootstability．andimprovesgaitperformance  

Ofhemiparetic patients（Lehmann1979）．   

TheeffectofAFOonSPandMWSwasanalyzedineighthemipareticpatients，fivewiththeright  

hemiparesisandthreewiththelefthemiparesis，agedfrom46to66years．TSOtotheexamination  

WaS7to32weeks（mean：20．7weeks）．The affectedlower extremity showedmi1d to moderate  

muscularhypertonia，butpassiverangeofmotionwaswithinthenorma11imitinallpatients．The  

patientscouldstand alone andhave usedplastic AFO for mean duration of7．5weeks（range：2  

days－18weeks）．WeariIlgAFO（AFO（＋））andwithout（AFO（－）），i．e．．barefoot．thepatientwas  

instructedtostandontheforceplatformwiththeheadupright、eyeSOpenandlookingforward，armS  

atthesides and thefeettogether equidistand from the platform edgesin thefore－aft andlateral  

positions．respectively．ThepatientwasaskedtomaintaintheposturemorethanlOsec，durillgWhich  

themeasurementwasperformed．Inaddition、thepatientwasaskedtowalklOmdistanceasfastas  

possiblewithorwithoutAFO．   

Figure14showstheSPwithoutandwithAFOinarighthemipareticpatient．Whenbarefoot．the  

CenterOffeetpressure（CFP）movesforwardandleftofthemidpositiontowardsthenon－affected  

Side．WearingAFO，CFPmaintainsitsforwardpositionbutmovesmediallyclosetothemidposition．  

Without AFO Aft  withAFO  

CFP（cm）：  CFP（cm）：  

L：1．97  R：0．14  
F：1．98  F：1．59  

BS（cm）：38．38  BS（cm）：22．27  

Figure14 Computerdjsp］ayoftheswaypath（SP）inarighthemipa－  
reticpatientwithoutandwithAFO  

Distance between divisionsis2．5cm，  

L：left．R：right、andF：fore．  

（Mojicaetal．1988）  
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Table15 Means andstandarddeviations（in parenthesis）ofthe mean posi－  
tionsofthelateralandfore－aftcomponentsofCFPandSPwithout  

and with AFO  

Lateral  
SP（cm／10sec）   

（paretic／ Fore－aft  

LnOn－partetic）  

AFO（－）   2．42（1．37）  2．36（1．07）   37．93（14．48）   

AFO（＋）   1．56（1．08）  2．08（0．90）   28．96（9．77）   

Difference   0．86（0．96）  0．28（0．66）   

AFO（－），withoutAFO；AFO（＋），WithAFO．  

n＝8  （Mojicaetal，1988）  

Table161Ieans and standard deviations（in parenthesis）of the variables of gait  
COmpOnentSWithout andwith AFO  

Walkingspeed（m／min） Cadence（steps／min） Stridelength（m）  

AFO（－）  32．80（24．94）  91．78（25．42）  0．64（0．35）  

AFO（＋）  41．58（30．57）  102．56（25．77）  0．74（0．39）  

AFO（－），without AFO；AFO（＋）．with AFO．  （Mojicaetal．1988）  

Table15presentstherneanSOflateralandfore－aftcomponentsofCFPaswellasSPwithoutand  

withAFO．ComparedtowithoutAFO、aSignificantreductionwasobservedinthelateralcomponent  

OfCFPwhenusingAFO（P＜0．05），butnotinthefore－aftcomponent．TheshiftofCFPtowardsthe  

nonTparetic side pointed out a greater weight supportlng aCtivity borne by the non－paretic side、  

COmpared to the paretic side．Wearing AFO compensated for theinstability of the ankle joint．  

promotedsteadinesswhenstanding，andallowedtheshiftofpartofthebodyweightontotheaffected  

Sjde．TherewasasignificantdifferenceinSPbetweenthewithandwithoutAFOconditions（p＜  

0．01），indicatingthatwithAFO．SPdecreasedwithimprovedstandingbalance．Table16showsthe  

means of gait components of the patients．Each component wasimprovedwith AFO（p＜0．01．  

respectively）．AFOcompensatedforthemediolateralinstabilityoftheanklejoint，preVentedfoot  

dropanddecreasedthedegreeofhip－hikingduringswingphase．ThemeanratioAFO（＋）／AFO  

（－）of eachvariable was calculated．The mean ratio of SP relative to the mean ratio ofMWS．  

Cadenceandstridelengthshowednocorrelation．respectively．ThereductionofSPwasnotrelated  

tothegainofgaitcomponentswhenwearingAFO，indicatingthedisturbancesinbalanceandgait  

duetostrokereflecteddisordersofbothcentralandperipheralmechanisms．AFOimprovedperiph－  

eralstability．butdidnotcorrectthedysfunctionofthecentralnervotlSSyStem．Thecontributionof  

eithercentralorperipheralfactortotheimpairedbalanceandgaitwasdifferentforeachpatient．   

［10］PharmacologicalApproachestoEnhance丸IotorRecovery（Nakamuraetal．1990a，  

Nakamura1991）  

Pharmacologicalapproacheshavebeentriedtoenhancemotorrecoveryaftercerebralinsultsin  

bothanimalexperimentsandclinicalstudies（cf．Bach－y－Ritaetal．1988）．Norepinephrineagonists  

acceleraterecoveryofmotorfunctionanditsangtagonistsretardorreinstatemotordeficits（Feeney  

お   



etal．1982，Hodvaetal．1984）．Accordingtoapilotstudyexaminingtheeffectofamphetamine、a  

PreCurSOr（）fnorepinephrine，On mOtOr reCOVeryOfstrokepatients，a Single dose of amphetamine  

COmbinedwithphysicaltherapyincreasedthemotorrecoveryascomparedwithresultsinpatients  

receiving physicaltherapy alone（Davis et al．1987）．Post－training administration ofepinephrine  

influences retention ofseveraltypes oflearningtasksin animals（McGaugh1987）．Feeney et al．  

（1982）examined the effect of amphetamine on thelocomotive function of animalswith cortical  

lesions．Thegroupofratsadministeredamphetamine at24hours afterbraininjuryshowed rapid  

recovery compared to thosegiven saline．Restraint ofbody movements duri11g drugintoxication  

blocked this effect．However，nO Slgnificant differences were foundillfinallocomotive function  

between the two groups．The results suggested that elevation of the arousalstateinduced by  

amphetaminefacilitatedefficiencyofphysicalexercisesreducingthetimenecessaryforftlnCtional  

recovery．Itisnotclearwhethertheeffectisduetotheelevatedarousalornot．sincetheperformance  

Ofneurologicalpatientsiscloselyrelatedtothearousalstate．Truebloodetal．（1989）、eXaminingthe  

effectof15minPNF（proprioceptiveneuromuscularfacilitation）basedpelvicexerciseonstability  

and advancement oflower extremityin hemiparetic patients．reported that theimprovements  

immediatelyaftertreatmentdidnotcarryover30minafter．ItiswellknownthatPNFbringsabout  

EEGandbehavioralarousal．resultingintransientimprovementofperformance（Nakamuraetal．  

1983a，1986）．Thyrotropin releasing hormone（TRH），an agOnist of norepinephrine，has been  

ascertainedtofacilitatefunctionalrecovery．actingonelevationofthearousalstateviabiologicaI  

monoaminesystems（Kelleret al．1974）．Forinstance．a seriesof2mg ofTRH administrationto  

StrOke patients forlOdays shortened both hospitalstay for medicalrehabilitation and periods  

requiredforimprovementofsocialskills（Chidaetal．1987）．   

The effect of TRH on SP，A－IK，N－IK and MWS was examinedin7hemiparetic patients．  

MeasurementsofbiomechanicalvariableswereperformedbeforeandlOto20minafter2mg－TRH  

intravenousadministration．Table17presentsthemeansofthevariablesexamined．A－IKincreased  

and SP decreased significantly after TRH administration．resultingin theincrease of MWS．  

However．N－IKwasnotinfluencedbyTRH，SuggeStingthattheeffectofTRHwasspecific．Thegain  

Of walking speed during・the CAGT program waslargerin patientswith EEG arousalresponse  

inducedbyphysicalstimulationthaninthosewithoutEEG arousal（Sekietal．1990）．Thisreport  

SuppOrtS the notion that norepinephrine agonists accelerate motor recoveryincluding walking  

CapaCitv afterstroke．  

Table17 Means of the biomechanicalvariables before and after TRH  

administration．  

Variables  Before  After  Difference  

A－IK（Nm）  

N－IK（Nm）  

SP（cm／10sec）  

81．1（77．6）  84．1（78．4）   2．8（2．8）＊  

140．4（67，6） 141．3（68．6）   0．9（8．5）  

26．8（13．9）  20．8（7．9） －6．0（6．1）＊  

Walkingspeed（m／min）   81．9（49．0） 84．0（48．0）   3．1（1．8）＊  

（）：S．D．  

A－IK：isokineticstrengthoftheaffectedside，N－TK：isokineticstrengthofthenon－  

affectedside，andSP：swaypath．n＝7，大p＜（）．05．  

（Nakamura et al．1990a）  
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3 POSTSCRIPT  

［1］ApplicationofCAGTforPatientswithTraumaticBrainInjury（Nakamuraetal．  

1994）   

Thirteenpatientswithtraumaticbraillinjury（TBI）underwentCAGT、andtherelationshipofthe  

timesinceTBIonsettothemaximumwalkingspeed（MWS）waspresentedintermsofacoefficient  

Ofhyperbolicfunction．StatisticallysignificantapproximationwasseeninlOpatientswiththeMWS  

belowlOOm／minatthestartofCAGT：fitgroup．TheMWSwasabovelOOm／mininthreepatients  

withoutsignificantcurvefitting：non－fitgroup．ThegainofMWSinthefitgroup．3．8±2．7（mean±  

S．D．）m／week，WaSdefinitelyhigh、COmparedtothoseofthenon－fitgroup，0．9±0．8m／week．The  

resultsfavortheapplicabilityofCAGTtopatientswithTBI．   

［2］ApplicabilityoftheApproximationtoHyperbolicFunctionforStrokePatients  
Walkingwith GaitAids（Kawaietal．1995）  

Canesorcrutchesareprescribedforstrokepatientswithimpairedbalance，preferablyonlyfor  

temporaryuse．Wetested the applicabi】ity oftheapproximationtohyperbolicfunction、Whenthe  

patientwalkswithgaitaidssuch asTrcaneandquadricane．Fifteen patientsaged from29to67  

（mean：46．9）yearsparticipatedinthestudy．Thetimesincestrokeonset（TSO）rangedfrom17．1  

to74．1（mean：32．6）weeks．The maximum walking speed（MWS）with a cane was examined  

usuallyonceaweekformorethan5times．Statisticallyslgnificantapproximationwasobtainedin  

lOpatients（fitgroup）andnotin5patients（non－fitgroup）．TheTSOwasshorterinthefitgroup  

（mean±S．D．：23．1±5．6weeks）thanin the nonLfit（51．6±17．4weeks）．Thelongest TSO of a  

patientbelollgingtothefitgroupwas33．7weeks．MWSatthestartofCAGTwaslowinthe fit  

group（17．5±12．5m／min），COmparedtothenon－fit（37．0±17．2m／min）．Therewasnosignificant  

differencebetweenthetwogroupsin age、height．bodyweight．etiology andpathology ofstroke．  

affected side，1esions on CTimages．presence of sensory disturbance and neglect、and braces  

prescribed．TheresultsimplythatCAGT couldbe applicablefor patientsusingcanes，Whentheir  

TSOs are within33weeks．   

［3］RelationBetweenWalkingCapacityandDailyLifeActivitiesofStrokePatients  
LivingHome（Sajikietal．1991）  

DailylifeactivitiesofstrolくepatientsareinfluencedbytheirphysicalandmentalimpalrmentS，  

fami1y structure and physicalenvironments．Forinstance，Walking capacityis one of the most  

importantfactorstopredictdailylifeactivitiesinstrokepatients（Sajilくi1980）．   

TherelationshipofMWStoperformanceofdailylifeactivitieswereanalyzedbyusinga75－item  

questionnairein54ambulatorystrokepatientsmorethan oneyear afterdischarge．Thedailylife  

activitiesquestionnaireiscomposedoflOcategories：work（numberofitems：1－6）、housework（7－  

16）．child care（17－24），purChase of goods and services（25－30）．personalneeds（31－36），adult  

education and professionaltraining（37－42）．civic and collective participation activities（43－49），  

events，entertainmentandsociallife（50－57），SpOrtSandactiveleisure（58－66），andpassiveleisure  
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（67－75）（Nakamura1983b）．Thepatientwas asked on the his／her performance forthe75items  

duringthepastyear．Thepatient’sanswersweretallieduslngthefollowingscoringsystem：0＝nOt  

doing，1＝doing a few times annually，2＝doing monthly、3＝doing weekly，and4＝doing almost  

everyday．Multivariatediscriminantanalysisofquantitativedata（Hayashi’squantificationI）was  

performedtoclarifythedifferencebetweenLdoing’and‘11Ot－doing’of75itemsusingsixindependent  

Variables：age，SeX，pareticside．TSO．MWS，andpositioninthefami1y．   

ThemeallMWSwas56．3（range：7．4－161．3）m／min，andMWSwasbelow20m／mininthree  

patientsandabove80m／mininlOpatients．MWSwasthemostsignificantdiscrimillantOf27iterns，  

TheselトcareactivitiesandstaticactivitiessuchasreaditlganeWSpaPerWerenOtrelatedtoMWS．  

MostpatientswithMWSgreaterthan20m／minperformedseveralhomeandleisureactivitiessuch  

aslearning．shopping，hobbyandtraveling．ThosewithMWSgreaterthan40m／mindidsomeadult  

education such as attending professionalor specialtrainlng COurSeS Or art WOrk、and visiting  

museums．PatientswithMWSgreaterthan60m／mindids（）meSOCialactivitiessuchasparticipation  

inameetingofpartyorunion，WhilethosewithMWSgreaterthan80m／mintookcareoffami1y  

membersaspartoftheirhomechores．Anindividual’swalkingspeedanddistancearerelatedtohis／  

hersocialandphysicalenvironments（Finleyetal．1970，Lerner－Frankeletal．1986，Robinettetal．  

1988）．ItseemsthatMWSisareliablepredictorofperformanceofdailylifeactivitiesinambulatory  

StrOkepatients．   

［4］RelationoftheMaximumWalkingSpeedtotheSpeedofFreeWalkinStroke  
Patients（Yamadaetal．1990）  

ThereisastatisticallysignificantcorrelationbetweenMWSandthespeedof3minutesfreewalk  

instrokepatients．Accordingly，WeCaneStimatewalkingspeedofstrokepatientsindailylife，uSlng  

thefollowlllgequation．  

y＝0．45x＋8．9  r＝0．93，p＜0．Ol．  

X：MWS，y：thespeedof3minutesfreewalk．  
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