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Abstract･Theeffectsofalowintensitytrainingprogrammefor12monthsonmotorfunctionsand
mobilityofinstitutionalizedelderlywomenwereinvestigated.Thesubjectscomprised28elderlywomen
aged80.4±5.4years,whowereassignedtoeimer血econtrolgroup(CG)(n=15)ormetraininggroup(TG)
(n=13)･Training4to6daysaweekwitheachsessionforabout20minutesadaywasperformed.After
training,asignificantincreaseinquadricepsstrengthwas.observedinTG(P<0.05),butnotinCG(mean±
S.D.%=22.2±14.1v.S.-9.8±19.4).AbilityofbalancetestedbyfunctionalreachwasdecreasedinCG
(P<0.05),whereastherewasnochangeinTG(mean±S.D.%=115.3±23.4V.S.-2.1±15.3).Ambulatory
statuswasreducedinCG,whereastherewasnochangeinTG.Theseresultssuggestthatlowintensity
trainlngiseffectiveforincreasingStrengthandmaintainlngbalanceandmobilityinfrailelderlypersons･
Keywords:Elderly,Resistancetraining,Long-term effects
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INTRODUCTION

Humanmusclestrengthreachesitspeakbetween
也esecondandthirddecades,andbeginstodecline
thereafteratarateofapproximately12%to15%
perdecadewithmorerapidlossesabovetheageof
651-3)IMuscleweaknessin血eelderlycontributes
greatlytogaitdisturbancesandotherfunctional
restrictionsondailylivingactivities4-7)･In
addition,lossofmusclestrengthisassociatedwith
anincreasedriskoffalls,andadversephysiological
changessuchaslossofbonemineraldensity,which
mayresultinapredispositiontoosteoporosis-
relatedfractures8-10)

Sincetheendofthe1980S,anumberofstudies

havebeenpublishedeachyeartodocumentthe

benefitsofprogressivestrengthtrainingnotonlyfor

youngandmiddle-agedadultsbutalsoforolder
menandwomenl1-13).Thetrainabilityofthe
musclesofhealthyelderlysubjectshasbeen
established,buttheeffectivenessofexercise

trainlngformoreseverelyimpail.ed,frailelderly
persons,asmightbefoundinlong-termcare
settingsornurslnghomes,hasremainedunclear･
Ourstudyfocusedontheresidentsofanurslng

homebecauseofthehighprevalenceofphysical
frailty,functionaldependency,muscleweakness,

andrecurrentfallsamongnursinghomeresidentsas
血eresultofphysicalinactivityandacceptanceofa
sedentarylifestyle14)･Althoughseveralauthors
haverecommendedthatfrailadultsuselower-

intensityfortrainlng,thereislittleinformation
aboutwhetheralow-intensitystimuluswith
minimalprogressionleadsinfacttoaconsistent
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increaseinstrength'inthefrailinstitutionalized
elderlypopulation
Wethereforeexaminedtheeffectsofalow-

intensltytrainingprogrammeonthemotor
functionsandmobilityoffrailelderlypersons.

METHODS

Subjects
Thesubjectscomprised28elderlywomen,aged
80.4±5.4(range,70-92)whowereresidentsinthe
samenurslngelderlyhomeinKyoto,Japan.None
oftheresidentshadanyseriousdementiaor
physicaldysfunctionthatwouldaffectactivitiesof
dailyliving,Allwerecapableofambulatingwithor
withoutassistivedevicesandcouldfわllowsimple
directions.Subjectswereexcludediftheyhadan
acuteneurologicalimpairment(acutestroke,
Parkinson'sdisease,paresisoflowerlimbs),severe
cardio-vasculardisease(acutemyocardial
infarction,congestiveheartfailure,uncontrolled
hypertension),unstablechronicorterminalillness
(uncontrolleddiabetesmellitus,malignancies),
majordepression,severecognltlV?impalrment
(inabilitytofollowtraininginstructions),Orsevere
musculoskeletalimpairment(inabilitytoparticipate
inthetrainingregimen).
Afterbaselineassessment,thirteenwomen
agreedtopartlCIPateinthetrainingprogrammefor
12months.Fifteenwomenwhodeclinedtojointhe
trainlngSessioncomposed血econtrolgroup.They
wereinstructedtocontinuetheirdailyroutines.

Measurements(OutcomeMeasures)
quadricepsmusclestrength,balance,grip
strength,andmobilitywereassessedinallsubjects
atthebeginningandtheendofthe12-month
interventionperiod.Functionallndependence
Measure(FIM)15)andambulatorystatuswereused
formeasurlngmobility.Ambulatorystatusofthe
subjectswerecategorizedinto3stagesasstated
below.

1)Quadricepsstreng血
Quadricepsstrengthwasmeasuredbyisometric
dynamometer(GT-10,OGGIKENCo.)during
isometriccontractionofthekneeextensor.Withthe

patientinasittlngposition,thehipandkneewereat
anglesof900,andthestrapwasplaced10cmabove
theankle.Themaximalisometricstrengthwas
determinedasthelargervalueoftworepeated

measurementsafterpre一measurementtrialswith
manualresistance.Themeasurementswere

performedbilaterally,andtheaveragemaximal
strengthofbothsideswascalculated.Torquewas
calculatedbymultiplyingstrengthbytheleverarm
(distancebetweenthelateraljointlineandthepoint
offorceapplication),andexpressedasthe
percentageofbodyweight(Nmn(g).

2)Balance
Balancewasmeasuredbyuslngthefunctional
reachtest･Functionalreach,thedistancethatsubjects
areabletoreachforwardwhilemaintainlngafixed
base,hasbeendescribedbyDuncanetal･16,17),who
reportedthatithadgoodpredictivevalidityfor
recurrentfalls16)andhightesトretestand
interobserverreliability17)･Thepositionofthetip
ofthefirstmetacarpophalangealjointwas
determined,withtheshoulderofthesubjectflexed
at900alongawall.Thenthesubjectswere
instructedtoreachasfarforwardaspossible
withoutmovingherfeet,血usmovingmecenterof
gravityforwardsoverafixedbase.Functional
reachwasdefinedasthedifferencebetweenarm's

lengthandmaximalfわrwardreach.

3)Gripstreng血
Gripstrengthwasmeasuredusingahandgrip
dynamometer(TakeiCo.).Thesubject,holdinga
handgripdynamometerwithherarmbyherside,
squeezedwithmaximumfわrce.Thescoreusedwas
thebestoftwotrials.Bo血handsweretested,and
theaveragesofbothsideswereusedforanalysis.

4)FIM
TheFIMincludes18items,eachwitha7-point
scalefrom1(minimalscore:completedependence)
to7(maximalscore:completeindependence)･In
thisstudy,fiveitemsintheareasoftransferand
locomotion(movingtoandfromachairorbed,
toilettransfer,tubtransfer,walking,stairs)Were
examinedtoevaluatemobility(possibletotalscore
rangefrom5to35).

5)Ambulatorystatus
Ambulatorystatuswasevaluatedwiththe
followlngthree-stageclassification:
1.Ⅰndoorindependence:Candobasicliving
activitieswithouthelp,butcannotgooutalone･
2･Proximaloutdoorindependence:Cangooutinto
theneighbourhoodwithouthelp,butcannotuse



45

publicmeansoftransportation･
3.Distaloutdoorindependence:cangooutalone
uslngpublicmeansoftransportation･

Training(Intervention)
Thetrainingcomponentswereselected
specificallytotargetphysicalimpalrmentSthatare
associatedwithfrailty.Thespecifickeymuscle
groupswechosefortrainlngarethehipflexors
(HF),hipabductors(HAB),kneeextensors(KE),
andankleplantarnexors(PF),becausestrengthin
thesemusclesofthispopulationiscloselyrelatedto
functionalcapabilitiessuchasgaltSPeed,stair-
climbingability'andrisingfromachair18･19)IIn
addition,ithasbeendemonstratedmatareduction
inthestreng血of血esemuscleshasbeenimplicated
asafactorcontributingtoanincreaseintheriskof
falling20･21)･onesetofthetrainingOfHF,HAB,
KE,andPFconsistedof10liftswithorwithout
anklecuffweightsof0.5to3,0kg.Theexercises
wereperfわrmedasfわllows:
1･Hipflexors･Withankleweightsinplace,the
subjectstandssidewaysnexttoachair.Without
bendingatthewaist,onekneeatatimeis
broughtupascloseto血echestaspossible.
2･Hipabductors.Withankleweightsinplace,the
subjectstandserectholdingontothebackofa
chair.Wi血outbendingthekneeorwaist,one
legisbroughtouttothesidewiththetoeskept
pointedfわrward.
3.Kneeextensors.Thesubjectsitserectwiththe
weigbtsstrappedaroundthea止lesandtheback
ofthekneesrestlngOnthechairseat.Onelegat
atimeisraiseduntilthebeeisasstraightas
possible
4.Plantarflexors･Withankleweightsinplace,
thesubjectstandserectholdingontothebackof
achair.Thebodyisthenelevateduponthetoes
ashighaspossible･
Thetrainlngintensitywaschosenbydetermlnlng
therateeffortduring10lifts,usingBorg'sRating
ScaleofPerceivedExertion(RPE).Theweightof
theanklecuffwascontrolledtoadjusttheexercise

ataratingof13(som.ewhathard)whichis
equivalentto60%ofmaxlmumliftingcapaclty.If
aRPEscorewaslessthan13,仙enthenexthigher
weightavailablewasused,untiltheapproprlate
rangewasreached･Thespeedofmovementduring
theexercisewaskeptquiteslow(4-6stoliftand
lowertheweight)throughitsentirepain-freerange
ofmotion.

Table1.Base-linecharacteristicsofthesubjects

Trainlnggroup Controlgroup
n=13 n=15

Age(years) 81.3±6.2 79.5±5.1
Weight(kg) 46.9±6.2 46.9±5.3
Height(cm) 144.4±5.2 143.4±6.0
BMI 22.5±2.8 23.1±3.4

Theprogressiveresistancetrainingwas
performedfourtosixtimesweeklyandcontinued
for12months,lastingapproximately20minutes
eachtime,

Statisticalanalysis
Unpairedt-testswereusedtocomparebaseline
characteristicsbetweenthetraininggroupandthe
controlgroup･Quadricepsstrength,balance,and
grlpStrengthofthetwogroupsbeforeandafter
interventionwerecomparedusingpairedt-tests･
Withineachgroup,theresultswereanalyzed
similarlyin也esubgroupsaccordingtoage(below
andabove80years).Statisticalsignificancewasset
atp<0.05.

RESULTS

Table1showsthebase-linecharacteristicsofthe

subjects.Theanthropometriccharacteristics(age,

weight,height)ofthetwogroups.werenot
slgnificantlydifferent.Thetralnlnggroup
completedtheexerciseprogramfourormoretimes
aweekforthe12-monthinterventionperiod.No
majorhealthproblems,includingcardiovascularor
musculoskeletalcomplications,occurredduring
trainlngSessionsortestlng.
Quadricepsstrength,functionalreachandgrip
strengthvaluesatbaselineand1yearpost-tralnlng
arepresentedinTable2.Therewerenosignificant
differencesinbaselinevaluesbetweenthegroups･
Aftertrainlng,quadricepsstrengthsignificantly
improvedfrom0.88±0.29Nm/kgto1.01±0.25
Nm/kg(2212%,p<0.05)inthetraininggroup,
whereas也atofthecontrolgrouptendedtodecrease
fro.ml･01±0127Nm/kgto0.87±0.20Nm/kg
(-9.8%,p=0.075).Whentheresultswereanalyzed
separatelybyage(belowandabove80years)inthe
traininggroupandcontrolgroupsubjects,
quadricepsstrengthimprovedsignificantlyamong
thebelow80yearssubjects,butnotamongthe
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Table2.Quadricepsstrength,functionalreachandgripstrengthvaluesatbaselineand1yearpost-training

Traininggroup(n--13) Controlgroup(n=15)
1Year %Change Baseline 1Year %Change

quadricepsstrength(Nm/kg) 0･88±0.29 1.01±0.25 22.2±14･1* 1.01±0.27 0.87土0.20 -9.8±19.4
Functionalreach(cm) 22.2±6.5 21.3±7.1 -2.1±15.3 23.4±4.0 19.3±5.1 -15.3±23.4*
Gripstrength(kg) 12･3±3･1 13.3±2.3 24･9±21･7 12.1±2.9 11.6±2.5 0.81士24.8

Valuesareexpressedasmeans±thestandarddeviation(SD).%Change=(after-before)化eforex100.Thesymbol*:represents
significanceatthe5%levelbetweenthebaselineand1year･

Table3.Comparisonofmotorfunctionbetweenbelowandabove80yearsofage

Quadricepsstrength(NnJkg) Functionalreach(cm) Gdpstrength(kg)
Baseline lYear pValue Baseline lYear pValue Baseline lYear pValue

Trainlnggroup
below80year(n=7) 0.98±0.26 1.15士0.23 0.034
above80year(n=6) 0.76士0.24 0.84±0.17 0.383
Controlgroup
below80year(n=6) 1.01±0.17 0,78±0.07 0.110
above80year(n=9) 1.02±0.34 0.94±0.25 0.414

26.0±4.023.9土6.2 0.468 14.7±2.0315.18±2.610.495
17.8±6.8 18.3±7.7 0.840 9.58±2.8911.79±1.710.181

20.3±3.7 17.3±4.3 0.355 13.0±1.00 12.5±1.34 0.563
25.4±2.720.6±5.3 0.093 1l.6±3.85 11.1±3,10 0.714

Table4.FM scoreatbaseline

Trainlnggroup Controlgroup

below80year 33.4±1.8 31.3± 2.7
above80year 30.0±3.7 30.6土 2.6
Totalsubject 31.8±2.8 30.9士 2.7

above80yearssubjectsinthetraininggroup(Table
3).Althoughtheincreasedidnotreachstatistical
slgnificance,thetraininggrouprecordedan
increasefrom12.3±3.1kgto13.3±2.3kg(24.9%,
p=0.058)inhand-gripstrength,whereasnosuch
increasewasseenin血econtrolgroup.Functional
reach,aparameterofbalance,ofthetraimnggroup
showednochange,whereasthatofthecontrol
groupdecreasedfrom23.4±4.0cmto19.3±5.1
cm(-15.3%,p<0.05).Whentheresultswere
separatedbyage,functionalreachtendedto
decreaseamongtheabove80yearssubjects,but
therewasnochangeamongthebelow80years
subjectsinthecontrolgroup(Table3).
TheinitialFIMscoresof也etwogroupswerenot
significantlydifferent(Table4).Attheendofthe
12-monthstudy,theFIMscoresforbothgroupshad
notchanged.Table5Showstheambulatorystatus
atbaseline.Afterthe12-monthintervention,all

subjectsinthetraininggroupmaintainedtheir
ambulatorystatusatbaseline.Incontrast,2control

subjects(13.3%)aged71yearsand85years,
showedareductionfrom…proximaloutdoor
independence"to"indoorindependence"inthe
ambulatorystatus.

DISCUSSION

Attheendofthe1980S,Fronteraetallll)reported
thataheavy-resistancetrainlngprogrammeledto
anincreaseinthekneeextensorstrengthofelderly
men,whichwasaccompaniedbymusclefibre
hypertrophy.Sincethen,anannuallyincreaslng
numberofstudieshascontinuedtodocumentthe

benefitsofmusclestrengtheningexercisesfor
elderlypeople,butmostofthesestudieshave
focusedon"healthy,activeelderly"subjectsandon
theirresponsetOaprogrammeOfhigh-intenslty
strengthtralnlng.Previousworksalsoshowthat
short-termeffectsoftrainingCanbeobservedinthe
elderlyinaslittleas6to12weeksll,22･23),butless
isknownaboutthelong-termeffectsofresistance
traininglnphysicallyfrailelderlypeople･
Generally,physicalfitnesssuchasmusclestrength
andbalanceinagroupofnursing.homeresidentsis
lowerthanthatinolderpeoplelivingathome･As
reportedbyotherstudies,forexample,themean
valuesofgripstreng血andfunctionalreachamong
community-dwellingolderwomenwas25･4kg24)
and26･7cm17),respectively,whichwerehigher
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Table5.Ambulatorystatusatbaseline

Traininggroup(n=13) Controlgroup(n=15)
Indoor Proximaloutdoor Distaloutdoor Indoor Proximaloutdoor Distaloutdoor
independence independence independence independence independence independence

below 80year 0(0) 4(57.1) 3(42.9) 0(0) 3(50.0) 3(50･0)
above80year 3(50.0) 3(50･0) 0(0) 1(12･5) 4(50.0) 3(37･5)
Total subject 3(23.1) 7(53.8) 3(23.I) l(6.7) 8(53.3) 6(40･0)

number(%)

thanthoseofthepopulationsampleinthisstudy.
Thisstudyfocusedonagroupoffrailnursinghome
residents,andinvestigatedwhetherlong-term,low-
1ntensltyexercisecanleadtoimprovementinmotor
functionandmobility.
Intheolderadult,strengthtrainingprogramm es
shouldtargetthemajormusclesofthelower
extremities,theconditionofwhichisawell-

establisbedpredictoroffallsandfunctional
limitationsinactivitiesofdailyliving･
Furtbemore,musclestreng血eningexercisesneed
tobecontinuedifexercisebenefitsaretobe

maintained,whichmeansthattheymustbesimple
forparticipantstounderstandandperform,requlre
nospecialequipmentandonlyminimalspace.To
meettheserequlrementS,Weprovidedlow-intensity
strengtheningexercisesusinganklecuffweightsfor
hipflexors,hipabductors,kneeextensors,and
ankleplantarflexors.However,ithasnotbeen
well-documentedwhetherlow-intensity
strengtheningexercisesaresufficientforoptimizing
improvementsinstrengthandfunctionlngOfa血･ail,
institutionalizedelderlypopulation.
Wewereabletodemonstratethatthetrainlng
groupshowedsignificantimprovementin
quadricepsstreng血.Handgripstrength,thoughnot
specificallytrained,alsotendedtoimproveinthe
trainlnggroup.Followinga1-yearexercisetrial
involving25individualsagedbetween61and78,
Pykaetal･25)measuredincreasesinstreng血ranglng
frorh30to97%overthefirst3months,whichthen

maintainedaplateauduringtheremalnlngmonths
oftheexperiment.Inthecaseofourstudy
population,itisnotclearwhethermusclestrength
galnSWereObtaineddurlngtheearlyweeksof
trainlng,butourresultsindicatethataprolonged
low-intensltytrainingprogrammecanleadto
improvementsinmusclestrengthoverthelong
term,eveninfrailelderlypersons･Progressive
resistancetralnlngappearstObeane触ctivewayof

improvlngmusclestreng血inelderlypeopleboth
belowll･13)andabove12)80yearsofage･Our
resultsofseparateanalysisbyagegroupshowed
thattheincreaseinquadricepsstrengthwasdue
prlmarilytoanincreaseseenamongthebelow80
yearssubjectsratherthanamongtheabove80yeal-S
subjects･Theefficacyoftheinterventionforabove
80yearsofageislimitedbythefactthatthereisno
consensusontheapproprlatequantity,quality,or
intensltyOfresistanceexercisenecessaryto
promoteimprovedstrength,especiallyinthis
population.Futurestudieswillbeneedtoevaluate
thelong-termeffectsofresistancetrainlnginthis
veryelderlypopulationwi血Iargernumbers,andto
clarifymosteffectiveinterventionforimprovlng
strength.As forbalance,thefunctionalreachofthe
trainlnggroupShowednochange,possiblybecause
theappliedtaskwasnothardenoughtoimprove
balance.However,wefoundthatareductionin

balancehadoccu汀edinthecontrolgroupat山eend
of仇estudy.Thiswasduetoadecreaseamongthe
above80yearssubjects(p<0.093);nodecreasewas

seena叩Ongthebelow80yearssubjects･This
findingsuggeststhatanage-relateddeclineof
balancebecomesgreateraftertheageof80years,
andthatlong-termresistancetrainlngmayhelpto
preventreductionsinbalancethatarecommonly
associatedwithaging.
Ourresultsalsoindicatethattheimprovements
ofstrengthinthetrainlnggroupand也ereductionof
balancein血econtrolgroupwerenotaccompanied
bychangeinFIM scoreafterintervention.To
changeFIM score,itmaybeessentialtoobtain
greatermusclestrengthandtofollowalongterm
period.Theambulatorystatuswasmaintainedin
thetrainlnggroup,Whereasitshoweddecreasein
someofthecontrolgroupsubjects･Lackof
strengthandbalancearewell-knownpredictorsof
severewalkingdisability26)･FurthemOre,ithas
beenpolntedoutthatpoorbalancemayleadtoa
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decreaseinemotionalstability,Withalossof

confidenceinfunctionalperformanceasoneofits

symptoms27).Inthecontrolgroupsubjects,the
declineinbalancecontributedtogaitdisordersor

lossofconfidence,whichmayleadtorestrictions

onphysicalbehavior.
Noneofthesubjectsshowedanyseriousmedical

problems,thatis,ofcardiacororthopedicorlgln,Or
anyotheradverseeventsduringtheprogressive
resistancetrainingormeasurements.Thisis

remarkablebecausethestudyparticipantswereall
geriatric,frailandmulti一morbid.Ourstudy

demonstratedthatgradually-progressive,low-
resistancestrengthtraininglSSafeandeffectivefor

improvlngOrmaintainingthestrength,balanceand
mobilityoffrailelderlypeople.Inadditionto
safetyandeffectiveness,itisalsoextremely
important也at血iskindoftrainingreglmenCanbe
reasonablyexpectedtobecompliedwithover血e
longterm,especiallybyolderpersons.Our
exerciseprogrammeuslngankleweightsrequlreS
nospecialequlpment,iseasilyimplemented,and
doesnotneedassistancebyhighlyskilled
professionalstaff.Ourresultsalsoshowthatsuch
simpleandeasyresistancetrainlngCanbeca汀ied
outforalongterm bythefrailelderlywith
reasonablecompliance,andthatprolongedtraining
leadstosustainedimprovementsinmotorfunction,
andthustoareductioninfunctionallimitations.

CONCLUSION

Progressiveresistancetrainlnghasbeenthought
ofasarelativelyriskyform ofexercisefor
physicallyfrailelderlyindividuals.Therefore,there
islittleinformationonwhetheritissafefor

debilitatedelderlypersonstoperformresistance
trainlngandwhethersuchtrainlngCanresultin
long-termimprovementsinstrength,balanceand
functionforthispopulation.Ourfindingsindicate

thatasustainedprogrammeofprogressivestreng也
trainlngCanbesafelyperformedandcanleadto
sustainedimprovementinmusclestrength,balance,
andlevelofphysicalactivity,evenamongfrail
elderlypeople.
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