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TheeffectsofNeuroIMuscularElectricalStimulation(NMES)onshouldersubluxation

inflaccidhemipleglCPatients.

KojiShomoto

Abstract

WeexaminedtheeffectsofNeuro-MuscularElectricalStimulation(NMES)onupperextremity

functionofflaccidhemip)eglCPatientsuslngarandomizedcontrolledtrialwithcross10Verdesign.

Inthisstudy,totalof44patientswithhemipleglaWereSelected.Theexperimentalgroupreceived

conventionaltherapyandNMESfわr6-7weeks.A氏erfinishingthissession,8patientswere

treatedbyconventionaltherapyonly,withdrawlngtheNMES.Thecontro一groupreceived

conventionaltherapyonly.Afterfinishingthesession,5patientsinthecontrolgroupwereglVen

additionalNMEStreatments.SubjectsreceivedtheNMEStreatmentsatotalof5hoursperday,5

daysperweek.Afterfinishing6to7weeksoftreatment,therewerenosignificantdifferences

betweenthegroupsineithermotorfunctionormuscletone(ク>0.74).Butthereweresignificant

differencesinROM (p<0.0001),brachialcircumference(p<0.0001)andsub]uxation(p<0.0001).

Thecontro一groupdemonstratedalossofpassiveROMprogressive一yoverthe6-7weeks,butthe

experimentalgroupmaintainedtheirROM,exceptfortwopatientswithsevereasomatognosiaand

unilateralspatialneglect.Allpatientsintheexperimentalgroupshowedasignificantsubluxation

oftheshoulderafterthewithdrawalofNMES.Fivepatientsinthecontrolgrouprevealeda

significantimprovementinthesubluxationoftheshoulderb<0.05)afterstartingtheNMES

treatment.ItissuggestedthattheNMEStreatmentcanpreventsub]uxationoftheaffectedshoulder,

exceptf♭rthosewithsevereasomatognosiaandunilateralspatialneglect.

Keywords:Neuromuscu】arelectrica一stimulation,Subluxation,Shou一der,Cerebrovascularaccident
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Introduction

Shoulderpalm inhemipleglCpatientsisa

common complication with strokel),and it

interfereswithrehabilitation,producesinsomnla,

requlreS added medications,and decreases

qualityoflife(QOL)214).Therearemanyfactors

contributing to shoulderpalm in hemipleglC

patients. They include subluxation, renex

sympatheticdystrophy5),brachialplexuslnJury6),

rotator-cufftear7),andcapsut]･tis8)･As manyas

80% ofpatientswithhemiplegiahavebeen

reportedtodemonstrateashouldersubluxation7)･

poulinetal･9)reportedthattheaffectedupper

extremity becomesflaccid in approximately

90%ofthepatients irnmediateIyafteranupper

motorJesion,suchasacerebrovascu]araccident

(CVA).Theyreportedthattheincidenceof

shouldersubluxationvariesgreatlyfrom 17%10)

to81%7)･BasmaJlanandBazantll)foundintheir

research uslng electromyography that the

suprasuphlatuSand posteriordeltoidmuscles

p)ayedaroleininferiorsub]uxation.Weusually

detectsubluxation starting whenthepatient

beginstosit.Theon)ystructurestoprevent

sub】uxationarethejointcapsu一eandligaments

duringthenaccidphase･Anderson12)suggested

thatstretchingofthejointcapsuleshouldbe

avoidedduringtheflaccidphase.Webe]ieve

thatpreventlngSubluxationinthef一accidphase

isimponant,becauseitpotentiallyreducespalm

and/orabnormalsympatheticactivity.

Thetraditionalapproachtopreventshoulder

subluxationisas)ing.buttheeffectsarenot

clear13)･Faghriandassociates14)Suggestedthat

thispositionlng Ofthe arm interfereswith

functionalactivityandmayenhancethenexor

synergyoftheupperextremity.

SomeresearchershaveusedNeuro-Muscular

Electrical Stimulation (NMES) to prevent

shoulderinferiorsub]uxationinstrokepatients.

F喝hri and associates14) described the

effectivenessoffunctionalelectricalstimu)ation

(FES) on arm function,e]ectromyographic

activityoftheposteriordeltoid,rangeofmotion

(ROM),and reduction in sub]uxation as

indicatedbyroentgenog】71phy.Theyconcluded

thataFESprogram waseffectiveinreducing

theseverityofshouldersubluxationandpalm,

andinfacilitatingtherecoveryofamlfunction.

But their study recruited subjects with

preexistingshouldersub】uxation,andthetime

poststrokewas16to17days･Theirmethoddid

notpreventearlyshou一dersubluxation･Linnand

associates15) reported the effectiveness of

electricalstimulationonshou)dersub]uxation,

palm,andmotorcontro一.Theyconc一udedthat

electriCal Stimulation can prevent shoulder

subluxation,buttheeffectwasnotmaintained

a洗erthewithdrawalofthetreatment.They

startedtheelectricalstimulationwithin48hours

post-onsetofthestroke,andpatientsinthe

treatmentgroupwereimmediatelyputona

regimenOfelectricalstimu)ationfor4weeks.

Theyassessedshouldersubluxationbyus]nga

slngle anterior-posterior radiograph and

categorlZlngSubluxationfrom 1to4.Theyused

alinebisectlngtheglenoidfbssa,thenmeasured

thedistance&om thelinetothemostsuperior

aspectortheheadofthehumerus.Prevostand

associates16)reportedthatthemeasurementwas

dependentuponthepositionofthescapu一a.

chantraineand associates17) reported onthe

effectivenessofFESonshou]dersubluxation

andpain.TheycondudedthattheFESprogram

was significant)y effective in reducing the

severityorsubluxationandpainandmayhave

facilitatedtherecoveryofshoulderfunctionin

hemiplegICPatients.Butthestudy recmited

subjectswithapreexistingshouldersubluxation

andthetimesincethestrokeonsetwas舟om2to
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4weeks.Theyassessedshou一dersubluxation

only using the deBatsSubluxation Scale

(Gradel-3).Theydidnotdescribethelevelof

initialmotorfunctionoftheaffectedupper

extremity･wangandassociates18)reportedthat

patientswithhemipleglaOfashortduraLtion

wereeffectivelytrainedformotorrecovery.

The previous studies suggested the

effectivenessofNMESfornaccidhemipleglC

shoulders,buttherewerefew studl'esonthe

preventionorshouldersub】uxationinthef】accid

phaseuslngaCross-OVerdesign.

Thepu叩OSeOfourstudywastoassessthe

effectivenessofNMESirrunediate]ya洗erstroke

topreventshoulderinferiorsubluxation,pain,

decreasedmotorfunction,abnormalmuscletone,

ROM limitations,andmuscularatrophyina

randomiZedcontrolledfashionuslngaCrOSSl

overdesign.

MATERIALSANDMETHODS

Subjects

TheselectioncriteriawereasfoHows:1.no

previousshoulderpathologyandnopresent

shouldersubluxation;2,motorfunctionlevelat

Brunnstrom'srecoverystageof< 5;3.no

cardiacpacemakerand/orsevereheartdisease;4.

no dementia and/orsevereaphasia;5.no

pregnancy; and, 6. initial diagnosis and

assessmentscomp】etedwithin48hoursa洗er

strokeonset.Patientswithbilateralhemiplegla,

tumor,cerebralmetastasisandtraumaticbrain

Injurieswereexcluded.Inthisstudy,atotalof

44 patientswith hemiplegia (19 men,25

women)wereselected.TheywereaHdiagnosed

asCVA:26withCVAduetocerebralinfarction,

and18withCVAduetocerebralhemomge.We

usedthestratifiedrandomallocationmethodto

assign the44 patientsto experimental(14

women,8men)andcon廿01(llwomen,ll

men)groups,soeachgroupconsistedor22

patients.AllsubjectssignedaformglVlngtheir

informedconsentbeforepartlcIPatlnginthis

s山dy.Intheexperimentalgroup,apatient

withdrew from thisstudyduetopneumonia

aRer2weeksofintervention.Inthecontrol

group,apatientwithdrewfromthisstudydueto

atransfertoanotherhospital,forpersonal

reasons,after3weeksofintervention.Therefore,

21patientsineachgroupcompletedthiss山dy.

Themeanageoftheexperimentalgroupwas70

yearsand72yearsfわrthecontrolgroup.

StudyDesign

Patientsintheexperimentalgroupreceived

conventional physicaltherapy,occupational

therapyandNMEStreatmentimmediatelya洗er

theinitia一assessments,andthentheywere

treatedfor6-7weeks,A洗erfinishing.8

patientsweretreated fわr l -2 weeksby

conventiona]physicaltherapyandoccupational

therapy,withdrawingtheNMES.Patientsinthe

controlgroupreceivedconventionalphysica一

therapyandoccupationaltherapyfor6-7weeks.

A洗erfinishing,5patientsinthecontrolgroup

wereglVenadditiona一NMEStreatments.Both

groupsreceivedconventionalphysicaltherapy

andoccupational therapy,consistingofROM

exercises,stretching exercises,Strengthening

exercisesandotherfunctionalexercisesduring

thisstudy.Noneofthepatientsineithergroup

usedaslingduringthisstudy.

NMES

The NMES unitwe emp一oyed was the

Dynamid DM2500 (MINArO MEDICAL

SCIENCECo.,Ltd.JAPAN).Theparametersof

thisun]'twere:carrierfkquency2500Hz,burst

斤equency40to60Hz,rampuptime3sec,

rampdowntime2see,andcurrenttypeburst-

3



EHectsofNMESonshou/dersubluxat10ntnjTaccldhemTPIegIcpatlentS

modulateda]ternatlngCurrent,Ontime10see,

o庁■time2sec.Weusedadhesiveelectrodes(5×

5cm,PALS,Platinum,Axe]gaardManufactunng

Co.,Ltd.USA).Oneeledrodewasplacedover

themotorpolntOfthesuprasuplnatuSmuscleto

minimize activation ofthe uppertrapezluS

muscle,andtheotherelectrodewasplacedover

the insertion ofthe suprasuplnatuSmuscle.

Anothertwoelectrodeswerep一acedoverthe

onglnandinsertionoftheposteriordelto]'d

muscle.Beforeweappliedtheelectrodes,we

searchedforthemotorpointscarefully,sowe

wereabletoapplythecenteroftheelectrodesto

themotorpoints.TheNMESintensitywassetto

obtainthedesiredminimum motionofhumeral

elevationwithsomeabductionandextensionto

PU‖theheadofthehumerusintotheglenoid

cavityandnottoinducefatigue.Stimulation

frequencywassetbetween 40 and 60 Hz,

accordingtodiscomforLSubjectsreceivedthe

NMEStreatmentsatotalof5hoursperday,5

days per week.Adhesive electrodes were

changeddailylnOrdertoensure)owimpedance

contact.Wecheckedtheskindailya洗ereach

treatment.

Assessment

Motorfunction.Motorfunctionwasassessed

byusingtheBrurnstrom･srecoverystages19)･An

ordinalscalewasusedtoexpressparalysis:1for

nomovement;2fわrassociatedmovement;3f♭r

synergisticmovement;4forbeginnlngSeparated

movement;5forabi]ity toperform separate

movements;and 6 fbrability to perfbm

complete一y.Assessmentwasalwaysperf♭med

bythesamephysica]therapIStOnceaWeek.

MuscletorLe.Arm muscletonewasassessed

usingamodiRedAshworthscaleforspasticity20)･

Thisscalegradedmuscletonefrom0to4:0for

noincreaseinmusc一etone;‖ars一ightincrease

inmuscletonemanifestedbyacatchandrelease

orbyminimaJresistanceattheendoftheraJlge

ofmotionwhentheaffectedpartismovedin

nexionorextension;1+forslightincreasein

musc]etone,manifestedbyacatch,followedby

minimalresistancethroughtheremainder(less

thanhalf)oftheROM;2foramoremarked

increaseinmuscletonethroughmostorthe

ROM,buttheaffectedpartmovedeasily;3for

considerableincreaseinmuscletone,passive

movementdifrlCu]t;and,4foraffectedpart

beingrigidinnexionorextension.Forthis

assessment,thepatientswerepositionedsuplne

on a bed,muscle tone was assessed by

stretchl'ngtheelbowjointfromanexedposition

toanextendedposition.Assessmentwasalways

performedbythesamephysica)theTaPistoncea

week.

RON.ROM ortheshou一derwasassessedusing

astandardgoniometer.Forthisassessment,the

patientswerepositionedsuplneOnabed;the

testermeasuredpassiveflexion.abductionand

extema]rotation,mov)ngthepartslowlytothe

thresho一d orpalm.Assessmentwas a一ways

performedbythesamephysica日herapistoncea

week.

Brachial circumfel℃nCe. Bi】atera) brachial

circumferencesweremeasureduslngStandard

tapep)acedaroundtheupperarmattheaxilIary

fo)dperpendiculartothelongaxisoftheupper

arm.Thevaluesobtainedfrom subtractingthe

circumferenceoftheaffectedsidefromthenon-

affectedsidewereused.Assessmentwasalways

performedbythesamephysicaltherapistoncea

week.

SubluxatjorL.AllradiologlCal measurements
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thedifferencesbetweenbeforeanda洗ercross-

overfora一lvariab]es.Inallcasesthecriterion

forsignificancewassetatp<0.05.

RESU〕rs

Therewerenod]'fferencesbetweenthegroups

atthebase-tineasdeteminedbytheWi】coxon

ranksumtestandindependentt-test(p>0.33).

A氏erfinishing6to7weeksoftreatment,

therewerenosignificantdifferencesbetween

thegroupsineithermotorfunctionormuscle

tone b>0.74).Butthere weresignificant

differencesinallROMs(p<0.000】),brachial

(aa払
ap
)∑
O
tfJo
saSut2tP
utZa∑

8

∩)

2

4

6

8

l

l

l

.

l

circumferences(p<0.0001),andsubluxations

b<0.0001)(FigureⅡ,ill)
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FigureH MeanchangesofROMaRer6to7weekstreatment
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FiguremMeanchangesofbrachiaLcircumferenceandsub]uxationafter6to7weekstreatment

Thecontro一group demonstrated a lossof

passiveROMpmgressivelyoverthe6-7weeks,

buttheexperimentalgroupmaintainedtheir

ROM,exceptfortwo patientswith severe

asomatognosiaand unilateralspatia)neglect

(meandecrease-I0degreesrespective)y).The

upperextremitymusc一eatrophyorbothgroups

increasedduringtheresearchprogram,butit

wassignificantlymi]dintheexperimentalgroup.

E一even patients did not demonstrate a

subluxationoftheshoulder,8patientsinthe

experimentalgroupdeveloped asubluxation

(mean 10.3cm) , and 2 patients with

asomatognosiaand unilateralspatia一neglect

deve一oped a marked sub】uxation (mean

-1.3cm).

ARerwithdrawaloftheNMEStreatmentin

the experimenta一 group, there were no

signはCantdifferencesbetweenbeforeandaRer

withdrawaloftheNMEStreatmentineither

motorfunction,muscletone,ROM,orbrachial

circumferenceb>0.11).A]]paLtientsdeveloped

asignificantsubluxationoftheshoulderaRer

thewithdrawa)ofNMESfor1to2weeks(mean

-1.Ocm,p<0.02)(TableI).
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TableI.SubluxationoftheaffectedshoulderintheexperimentalgroupbeforeandaRercross-over

SubjectsNo. Beforecross-over(cm) Aftercross-over(cm)

4

5

′0

7

00

5

7

0

′hV
′hU

1

OO

3

2

2

3

3

3

3

3

3

1.5

0

3

5

3

2

4

.
1

つん
2

2

2

2

2

2

*meanchanges-1.0cm,P<0.02

Twopatientsrecoveredmotorfunctionuptothe

stage5level,butsubluxationoftheshouLder

developed(subject1;-1.Ocm,subject2;10.7cm,

respective】y).

Therewerenosignificantdifferencesbetween

beforeanda洗erstartlngtheNMEStreatmentin

eithermotorfunction,muscletone,ROM,Or

brachia)circumference in thecontrolgroup

b>0.ll).However,all5patientsinthecontrol

group,after starting the NMES treatment,

revealed a significant improvement in the

subluxationoftheshouldera洗er1to2Weeksof

additionalNMEStreatment(p<0.05)(TableII).

Tab一eⅢ.Subluxationoftheaffectedshoulderinthecontrolgroupbeforeandaftercross-over

SubjectsNo. Beforecross-over(cm) ARercross-over(cm)

I.9

2

3

4

5

5

0

′LU

4

1

2

1

2

3

0

2

3

00

3

3

3

3

3

*meanchanges1.4cm,p<0.05

DISCUSSION

Some researchers reported that NMES

facilitatesrecoveryofarm function14,17･18),but

wedidnotfindanybeneficia]effectsonann

function atall.Itwas expected thatthe

applicationofNMESyou)dpreventsubluxation

8

andmaintainnormalshoulderalignment,butwe

donotbelievethatitcandirectlylmprOVemotor

function.

ThereweresignificantdifferencesinROM,

brachial circumference, and subluxation

between the groupsa氏er6 -7 weeksof
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treatment.Intheexperimenta一group,Wefわund

that the NMES treatment could prevent

subluxationconsiderably,andweassumethat

preventlng Subluxation is important for

maintaining ROM and preventing muscle

a什ophy. But two patients with severe

asomatognosiaandunilateralspatialneglectin

theexperimentalgroupdeve一opedsubluxation

andadecreaseinROM.TheytendedtoIgnore

theiraffected arm during ADL,which we

believecouldhavecausedthesubluxationand

decreased RON.Itwassuggestedthatthe

subluxation or the patients with severe

asomatognosia and unilateralspatialneglect

shou)dbetreatedbyNMESplusothertreatment

procedure.Reductionofpainiso洗enconsidered

toberef一ectedbyanincreaseinpassiveROM,

especiallylneXtemalrotation21)iwebelieyed

thatthepan intheexperimentalgroupwas

mi一derthanthatofthecontro一group.Two

patientsintheexperimenta】groupdeveloped

sub】uxationa洗erthewithdrawal ofNMES,in

spiteofarchivingastage5motorfunctionlevel.

Thismayprovideusefulinformationonwhat

levelofmotorfunctionistobetreatedby

NMESandtoconsiderwithdrawalofNMES.

WeobseⅣedthatmostpatientsatthestage,5

1eveldonotdevelopasub】uxationintheir

affectedshoulders.Butweshou)dcontinueto

payattentiontotheaffectedsholdersofpatients

ofwhoareatthestage51eveLSomeresearchers

recently reported the effects of constraint

inducedmovementtherapy onchronicCVA

patients,andtherecoveryofmotorfunction

seems to continue 10mger than repolled

previously22,23)･Therefわre, we be一ieve that

preventingsub)uxationimmediate]ya命eraCVA

onsetisimportantforfurtherrecoveryofmotor

function.Thesub]uxationineightpatientsinthe

experimental group exacerbated a洗er the

withdrawalof1-2weeksofNMES;wedidnot

findanycany-overeffectonthesubluxationof

theshouldera洗eronly1to2weeks.Weneedto

developamorecompactinstrumentforhome

useforthepatientswithaprolongedf)accid

phase,becausethereisnocarry-overeffect･In

addition,Weshoulddofurtherresearchonthe

useorNMESovera10ngerperiodortimes.
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