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Patternedgroundreactionforcesandelectromyographicactivities

inthelateralsittingtransfers

-Theinnuenceoftrunkforwardtilting-

HiroakiHirosel

Abstract

Thisstudyinvestigatedpatternedgroundreactionfわrcesandelectromyographic

activitiesoflower-limbandtrunkmusclesduringlateralsittingtransferusingthe

lower-extremitieswithvariousfわrwardanglesofthetrunk.

Thirtyhealthyvolunteerswererequestedtoperfわrm themovementunderthree

predefinedexperimentalconditions;10ldegree,35-degreeand60-degreeforwardtrunk

angles.

Peakverticalforce(Fz)under10-degreewaslowerthanthoseunder35-degreeand

60-degree.Minimumanteroposteriorfわrce(Fy)under10-degreewaslowerthanthose

under35-degreeand60-degree.Forthetibialisanterior(TA),vastusmedialismuscle

(VM)andvastuslateralismuscle(VL),theroot-mean-squarevaluesunder10-degree

werelargerthanthoseunder35-degreeand60-degree.

Itwasconcludedthatslightforwardtiltingofthetrunkwasdisadvantageouswith

respecttostabilityofthemovementandloadonthemusclesduringlateralsitting
transfer.

Keywords:Lateralsittingtransfer,Groundreactionforces(GRFs),Electromyographic

activity

1.Introduction

Atransferisapatternofmovementby

whichthepatientmovesfrom oneplace
to another. For individuals with

paraplegla,lateralsittingtransferusing

the upper extremities is commonly

perfわrmedseveraltimesindailylivingl-.

Theyliftthebuttocksoffthebedand

movefrom thebedtothewheelchairl).

This activity,however,places an

increased demand on the upper

extremitiescomparedwithastanding
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transferand isoften identified asa

potentialsourceofshoulderpathology214).

Perryetal5'reportedtheintensityof

shouldermuscleloadduringthelateral

sitting transfer using the upper

extremitiesJtisnecessarytoreducethe

loadontheupperextremities.

AIsoitisnotedthatlateralsitting

transferisusefulforelderly subjects

whocannotstandup.Itisnecessaryto

beartheweightonthelowerextremities

asmuchaspossibletoreducetheload

ontheupperextremities.Althoughthere

ispresumably a relationship between

thefわrwardangleofthetrunkandthe

musculareffortonthelowerextremities,

themuscleactivityinvolvedinlateral

sitting transfer has not yet been
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reported.

The presentstudy documented the

patternedgroundreactionfわrces(GRFs)

andelectromyographic(EMG)activities

duringthelateralsittingtransferusing
the lower extremities with various

forwardanglesofthetrunkinagroupof

healthy subjects.In addition,Borg

assessmentofthe levelofperceived

difficultyduringlateralsittingtransfer
wasconducted.

2.Methods

2.1.Participants

Thirtymalevolunteersbetween the

agesof21and35years(mean28.3;SD

4.7)Withnoknownmusculoskeletalor

neurologiCaldysfunctionparticipatedin

thisstudy.The mean weightofthe

subjectswas58.9kg(SD5.2),andmean

heightwas1.70m(SD0.06).Allsubjects

gavewritteninfわrmedconsentf♭rthe

study.

2.2.Procedures

The subjects were requested to

perform the following movements

according to three predefined

experimentalconditions:10-degree,35-

degreeand60-degreefわrwardangleof

thetrunk(Fig.1.).Thesubjectsstarted

themotionwithalightsignal.

Each subject performed a lateral

sittingtransferusingan ejectorseat,

withtheirarmsfわldedovertheirchest.

Theejectorseatheightswereadjustedto

their lower limbs.Each subjectwas

verbally instructed toperfわrm lateral

sitting transfer ata naturalmotic･n

speed.Thesubjectswererequired to

keep their right foot on the force

platform infrontoftheseatthroughout

thelateralsittingtransfer(Fig.2.).Three

successfultrialswererecordedforeach

condition with adequaterestprovided

betweentrialstopreventfatigue.

Aftercompletingeachtrial,subjects

estimatedtheratethelevelofperceived

difficultyusingtheBorg(6-20)scalefor

perceived exertion6'. After becoming

familiarised with the lateral sitting

transfertask,theGRFsandtheEMG

activities during the lateral sitting

transferwerecollectedbycomputer.All

dataweretimesynchronized.

Fig.1,

Schematicrepresentationofthethreeexperimentalconditionsinthisstudy
(A)10-degreecondition;(B)35-degreecondition;(C)60-degreecondition.

-2-
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2.3.Equipment

Movements with a lateral sitting

transferfrom a seated position were

recordedbythreedigitalvideocameras

withashutterspeedof1/100S.

Thevertical(Fz),anteroposterior(Fy)

andmediolateral(Fx)GRFsontheright

limbduringlateralsittingtransferwere

recorded using a calibrated force

platfわrm MG2080(Anima,Inc.,Tokyo,

Japan).Thefわrceplatfわrm signalswere

sampledbycomputeratarateof60Hz

for3seconds.Theejectorseatwasnotin

contactwith the fわrce platfわrm and
therefore did not contribute to the

appliedfわrce.

Thefわrceplatfわrm,calibratedtothe

subject-sbody weight,waspositioned

undertherightfわotandmeasuredthe

GRFs.ThefわllowingGRF parameters

wereevaluated:peak Fz(vertical;%

bodyweight),minimum Fz(vertical;%

bodyweight),peakFy(anterior;% body

weight),minimum Fy(posterior;% body

weight),peakFx(lateral;%bodyweight)

and minimum Fx (medial; % body

weight).

EMGactivitieswererecordedwithan

8-channelMyoSystem1200EM-112EMG

system (Noraxon USA,Inc.,Arizona,

USA),usingpairsofsurfacesilver/silver

chlorideelectrodesattached2,0cmapart

fromcentertocenteroverrepresentative

musclesoftherightlimb andtrunk:

tibialisanterior(TA),lateralgastro-

cnemius (LG),vastus medialis (VM),

vastus lateralis (VL),semitendinosus

(ST),gluteusmaximus(GM)andlumbar

paraspinal(LPS)atthe levelofL3.

Activeelectrodeswereplacedovereach

musclewhilesubjectswereseated.
Theskinwascleanedandabradedto

achieveaskinimpedanceof<5kE2.The

EMGsignalsweredigitizedonlinewith

asamplingfrequencyof1080Hzusinga

USBAnalogDigitalConverter(Noraxon

USA,Inc.,Arizona,USA).

The EMG slgnals were band-pass

filtered(10 -500Hz)andtherootmean

square (RMS) Values of EMG were

calculatedovertheentireduration of

motionforeachtransfertrial.TheRMS

valuewascalculatedusingthefわrmula

of BasmaJlan and De Luca7' as a

measureofmuscularactivlty.

Allthesedatacollectiondevices(e.g.

videography,forceplatform,EMG)Were

calibrated and synchronized to begln

recordinguponanexternaltrlgger.

Fig.2.

Schematicrepresentationofthefわrceplatfわrmconditionsinthisstudy.
Thevertical(Fz),anteroposterior(Fy)andmediolateral(Fx)groundreaction
forces(GRFs)ontherightlimbduringthesittingtransferwererecorded
usingacalibratedforceplatform.

-3_
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2.4.Dataanalysis

Meansandstandarddeviationsfわrthe

quantitativecomponentsofGRFsand

RMS valueswere calculated fらrthis

study.A one-way repeated measures

analysisofvariance(ANOVA)wasused

for data analyses.Significance was

definedasp<0.05,andTukeypost-hoe

tests were used for pair-wise

comparisons.All statistical analyses

wereperformedusingtheSPSSsoftware

versionll.OJ(SPSSInc.).SteelDwass'S

test was used fわr Borg scale data

analyses,assuming slgniricance at

p<0.05.

3.Results

3.1.Totaltimesduringthelateral

sittingtransfer

Thetotaltimerequired perfわrming

lateralsittingtransferrangedfrom 0,9

to3.2S(Table1.).Thetotaltimeunder

the10-degreecondition(mean=1.5S)
was shorter than those under the

35-degreecondition(mean=1.8S;p<0.05)

and60-degreecondition(mean=2.1S;

p<0.05).

3.2.Groundreactionforcesduringthe

lateralsittingtransfer

PeakFz(% bodyweight)underthe

10-degreecondition(mean=52.6%)was

lowerthan thoseunderthe35-degree

condition(mean=59.1%;p<0.05)and

60-degreecondition (mean = 61.4 %;

p<0.05).Minimum Fy under the

10-degreecondition (mean = -13.6%)

waslowerthanminimum Fyunderthe

35-degree condition (mean = -9.6 %;
p<0.05)and60-degreecondition(mean=

-7.9 %;p<0.05).Thus,the posterior

reaction force under the 10-degree

conditionwashigherthanthoseunder

the 35-degree or 60-degree condition.

Therewerenoslgnificantdifferencesin

minimumFz,peakFx,minimumFxand

peakFy(Table2.).

3.3.EMG activityduringthelateral

sittingtransfTer

TheRMSforTAunderthe10-degree

condition(mean=94.1LLV)washigher

thanthatunderthe35-degreecondition

(mean = 49.3 〝Ⅴ;p<0.05)and 60-

degreecondition(mean=35.7〃Ⅴ;

p<0.05).TheRMSfわrVM andVLunder

Table1.

Meansandstandarddeviationsoftotaltimesrequiredtoperfわrmlateral

sittingtransfer(n=30)

Condition Meantime(S) Range(S)

0.9 -2.3

1.2 -3.0

1.2 -3.2

(A)10-degreecondition;(B)35-degreecondition;(C)60-degreecondition.
Note:Standarddeviationsareinparentheses.☆p<0.05

-4-
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the10-degreecondition(mean=123.7/i degreecondition(mean=53.3/iV,61,5

V,147.8 /iV)washigherthan that /IV;p<0.05).Therewerenosignificant

underthe35-degreecondition(mean= differencesamongconditionsforother

60.5 LLV,76.2 LLV;p<0.05)and 60- muscles(Tables.,Fig.3.).

Table2.

MeansandstandarddeviationsofGRFs(%bodyweight)duringlateral

sittingtransfer(n=30)

Condition PeakGRFs(%)

Fz(%) Fx(%) Fy(%)
52,6(ll.2)

59.1(10.5)

4.2(2.4) 0.9 (0.8)

☆ 4.4(2.4) 0.9(0.6)

61,4 (9.8).｣ 4.0(2.4) 1.2(0.7)

Condition MinimumGRFs(%)

Fz(%) Fx(%) Fy(%)

4.8 (5.2) -2.0(2.3) -13.6(3.8)

5.9 (5.2) -1.1(1.0) -9.6(1.9)

6.9 (5.2) 11.0(0.8) -7.9(1.7)

(A)10-degreecondition;(B)35-degreecondition;(C)60-degreecondition.
Note:Standarddeviationsareinparentheses. ☆p<0.05

Table3.

MeansandstandarddeviationsofRMSduringlateralsittingtransfer(n=30)

RMSofEMG(〟Ⅴ)

(A) (B) (C)

TA 94.1(38.2)
LG 35.7(42.2) 36.9(56.8) 35.5(53.2)

VM 123.7 60.5(44.8) 53.3

VL 147.8

(50.9)

(52.5)

ST 35.4(39.9) 21.4(19.3) 30,2(39.8)

GM 23.9(27.7) 20.6(26.5) 20.7(26.8)

LPS 41.6(26.3) 33.5(20.3) 30.1(21.8)

(A)10-degreecondition;(B)35-degreecondition;(C)60-degreecondition.
Tibialisanterior(TA),lateralgastrocnemius(LG),vastusmedialis(VM),
vastuslateralis(VL),semitendinosus(ST),gluteusmaximus(GM)
andlumbarparaspinal(LPS)attheleveloftheL3.
Note:Standarddeviationsareinparentheses. ☆p<0.05

15-
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Fig.3.

RepresentativetrialfromoneofthesubjectsillustratingtheEMGactivity.
(A)10-degreecondition;(B)35-degreecondition;(C)60-degreecondition.
Tibialisanterior(TA),lateralgastrocnemius(LG),vastusmedialis(VM),
vastuslateralis(VL),semitendinosus(ST),gluteusmaximus(GM)
andlumbarparaspinal(LPS)attheleveloftheL3.
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3.4.Borescaleforperceivedexertion

The mean Borg scale under the

10-degreecondition(mean=12.1)was

higherthanthoseunderthe35-degree

condition (mean = 9.4;p<0.05) and

60-degreecondition(mean=9.2;p<0.05)

(Table4.).

4.Discussion

lnthisstudy,weanalyzedtheground

reaction fわrces and electromyographic

activitiesofmusclesintheleg,thighand

trunkinhealthysubjectsperfわrmingthe

lateralsittingtransfermaneuver.The

subjectswererequestedtoperform the

movement under three predefined

experimental conditions; 10-degree,

35-degreeand60-degreefわrwardangle
ofthetrunk.

4.1.Totaltimesduringthelateral

sittingtransfer

Thetotaltimeunderthe10-degree
conditionwasshorterthanthoseunder

the35-degreeand60-degreeconditions.

GoulartetalH'reportedthatthetotal

timefわrthestanding-upmovementwas

shorterandtheseat-off(thighsleave

seat)Occurredearlierwhenthefわrward

tiltingofthetrunkwasmorelimited.In

thisstudy,also,itisconsideredthatthe
totaltimehasbeenshortenedwhenthe

angle offわrward tiltwaslimited to

10-degrees,becausetheseat-offunder

the10-degreeconditionmaybeshorter

than that under the 35-degree or

60-degreecondition.

4.2.Groundreactionforcesduringthe

lateralsittingtransfer

Underthe10-degreecondition,peak

Fz(vertical)islowerthanthatunderthe

35-degree or 60-degree condition,
becausetheanteriorshifLofthebody

weightassociatedwiththefわrwardtiltof
thetrunkwassmaller.

Minimum Fy (posterior)under the

10-degree condition was lower than

thoseunderthe35-degreeand60-degree

conditions.Theposteriorreactionfわrceis

increasedwhenliftingthebuttockswith

asmallanteriorshiftofthebodyweight.

At 10-degrees,the posterior reaction

forcewaslargerthanthatunderthe

35-degree or 60-degree condition,

suggestingunstablemovementandthe

riskofthefeetslipplngOnthefloor.

Table4.

MeansandstandarddeviationsofBorgscalefわrperceivedexertionduring

thelateralsittingtransfer(n=30)

Condition Meantime(S) Range(S)

12.1(2.1)

9.4(2.1)

9,2(1.9)

(A)10-degreecondition;(B)35-degreecondition;(C)60-degreecondition.
Note:Standarddeviationsareinparentheses.☆p<0.05

-7-
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4.3.EMG activityduringthelateral

sittingtransfer

TheRMSofEMGfわrTA,VM,andVL

under the 10-degree condition was

higherthanthoseunderthe35-degree

and601degreeconditions.GoulartetalO

reported thatTA wasactivated only

scarcelywith'flexionofthetrunkduring

sit-to-stand movement',while TA
activation was enhanced with t̀runk

straightduringsit-to-standmovement'.
Andintheconditionof'nexionofthe

trunk',thestrategythattrunknexion

compensatedtheactionofTAdecreased

the need fわr preparatory postural

adjustment舛'.

Whenthetrunkistiltedforwardat10

degreesratherthanat35-degreeor60-

degree,itisconsidered thatanterior

shiftofthebodyweightisreducedand
maximal knee extension moment is

increased.Andstrongextensormuscle

contractionwasnecessarytostandup
withoutincreased forward tiltofthe

trunk.

TheloadsonVM andVLwereshown

tobegreaterat10-degreethanat35-

degreeor60-degreecondition.

4.4.Borgscaleforperceivedexertion

ThemeanBorgscaleunderthelO-

degreeconditionwashigherthanthat

under the 35-degree and 60-degree

conditions･Goulartetalnreportedthat

intheconditionof'flexionofthetrunk',

the strategy decreased the need fわr

preparatory posturaladjustment.The

levelofperceiveddifficultyishigherat

10degreesthan at35degreesor60

degreesbecauseofthedifficulty and

instabilityincontrollingbodybalance

duringlateralsittingtransferwiththe

-8-

trunkfわrwardtiltingat10degrees.

4.5.Clinicalimplications

Fromthefindingsinthisstudy,itwas

suggestedthatlimitedfわrwardtiltingof

the trunk was disadvantageous with

respecttostability ofthemovement,

loadonthemusclesandtheperceived

di爪cultyduringlateralsittingtransfer

usingthelowerextremities.

4.6.Limitations

Conclusions based on this study

shouldbeconsideredincontextofthe

limitations.The standardized foot

positionintendedtoreduceinter-subject

variationmayhavealteredthenatural

pattern ofmovement.Hanke et a19'

reportedthatfootpositionmightoffera

morevalidandarguablymorereliable

methodofanalyzlngOfmovement.

5.Conclusion

Theresultsofthisstudysuggestthat,

inlateralsittingtransferusingthelower

extremities,theposteriorreactionfわrce

was larger,making the movement

unstable,when the trunk wastilted

forward10degreescomparedtothatat

35degreesor60degrees.Furthermore,

theloadsonVM andVL werelarger

underthe10-degreecondition.Therefわre,

reducedfわrwardtiltingofthetrunkwas

suggestedtobedisadvantageousduring

lateralsittingtransferusingthelower

extremitieswithrespecttothestability

ofthe movement and load on the

muscles.
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