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JointMotionAnalysisoftheUpperExtremity

RequiredforEatingActivities

Toru Nagaol

刀lePurposeOfthisstudywastodeterminedifferencesintherangeofupperextremitymodon,

theshoulder,elbow,forearm ,andwristJOlntS,requiredforeating,betweentheutensilsused,

andthreepositionsofthefoodvesseluslnganelectromagnetictrackingInstrument.Thetime

requiredforthemotionwasalsomeasured.Twelvesubjectswerestudiedastheyperfomed

eatlngtasksuslngeitherchopsticksoraspoonfTromavesselplacedatoneofthreedistance

positions.ItwasfoundthattherangesofmotionrequiredforeatlngWithchopstickswerel9.5o

to56.80,shoulderflexion,10.3oto25.60shoulderabduction,50.2oto120.5oelbowflexion,

-1.2oto59.6qforearm suplnation,133oto28.8owristextension,and-3.8otoll.3cwristulnar

deviation.Ontheotherhand,therangesofmotionrequiredforeatlngWithaspoonwere24.9o
to64.50shouldernexion,14.4oto29.20shoulderabduction,46.3oto118.30elbownexion,

-412oto5116oforearm suplnation,18･loto29.Oowristextension,and-0･4oto17･lowristulnar

deviation.Wh enchopstickswereused,thepositionofthevesselinfluencedthedifferencesin

shouldernexionaswellastheminimalelbowflexion.Whenaspoonwasused,therewere
differencesinshoulderflexion,maximalshoulderabduction,andminimalelbownexion.

Differencesbetweenchopsticksandspoonswereobservedinthemaximumvalueofshoulder

al)ductionwhenthevesselwasplacedatproximal,middle,anddistalpositions.Unfortunately,

rotationoftheshouldercouldnotbecalculated;onereasonbeingthedifncultyincalculating

therotationangleoftheupperarm withinaseriesofbodyangles,becausethepositionofOoof

rotationcouldnotbewelldefinedwhentheshoulderjolntProducedacombinedmotionof

nexionandabduction(known asCodman■sparadox).

Keywords:Eating,Rangeofmotion,Chopsticks,Spoon,3D,Motionanalysis

Ⅰ爪trOductiom

Eating,animportantfunctionof

humandailylifTe,Involvesthreeprocesses:
motionoftheupperextremitythattakesfood

tothemouth,mastication,andswallowlng.

PosturecontrolformaintainlngaSittlng

position,lSessentialforupperextremlty

motion,andpreviousstudieshavedetermined

therangeofmotionrequiredforeatlng")

FacultyofHealthSciences,KobeUniversity
SchoolofMedicinel

Safaeeeta1.6)measuredtherangeofupper

extremitymotionforeatingwithaspoonor

afork,andfordrinkingfromacup,and

reportedthefbllowngdata:shoulderflexion:
maximal450,minimal50,arc400;shoulder

abduction,maximal300,minimal50,arc250

;shoulderinternalrotation,maximal250,

minimal50,arc200;elbownexion,maximal

1300,minimal700,arc60D;forearm

suplnation,maximal600,minimal-400,arc
1OOo;wdstextension,maximal200,minimal

loo,arc300;andwristulnardeviation,
maximal200.minimal-50.arc250.
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However,they useda3-D video

measurementsystemanddidnotmeasurethe

motionfわrchopstickusers.Tanakaetal.7)

usedthesameelectromagneticinstrumentto
measuretherangeorupperextremitymotion

duringeatingwithaspoon,forkor

chopsticks,buttheydidnotmeasurewrist

motion.Wehaveobservedtherangeor
motionfortheshoulder,elbow,forearm,and

wristJoints,usinganelectromagnetic
trackinglnStrumentthathasadvantagesor

betteraccuracylnmeaSurlng3-Dmotionover

conventionalmeasurementssuchthosebyas
videosystems8~11)

Inthepresentstudy,weusedan

electromagnetic,6-degreel0f-freedom
tracking instrumentto measure
simultaneouslythemotionsorshoulder,
elbow,fTorearm,andwristJOlntSinaneatlng

motion.Theaimorthisstudywastocompare

therangeorupperextremitymotionrequired

foreatlngandthetimerequiredfわrthemotion

bychanglngtheutensilsusedandtheposition
orthefわodvessel.

SubjectsandMethods

1.Subjects

Thesubjectswere12healthystudents

(averageage20.6±1.2years,range19-24
years;5malesand7fTemales;averageheight
165.0±6.9cm,range151.0-172.0cm;

upperarmlengthlh'macromiontolateral
eplCOndyleorhumerus]28.8±1.8cm,
forarmlengthlfromlateralepicondyleof

humerustostyloidprocessorradius]24.6

±1.2cm).Nosubjecthadanypasthistory

ofphysiologlCalororthopedicdisorders,and

allwereright-handed.
2.Measurementconditions

A chairwithminimalmetal

componentstoeliminatemagneticeffectsand

awoodentable70cmhighwereused.The

FigureI.Poslt10nOfsubject.

chairwasa4justedsothattheolecranonwas
atthesamelevelasthetoporthetable

(Figure1).Thefわodvesselswereplacedin
therollowlngthreepositionsaswith

Kamakura'sstudy12)(Figure2):(1)The
proximalpositionwaswherethefingertlPOf
themiddlefingertouchedthefoodvesselin
theneutralpositionofshoulderflexion/
extension,abduction/adduction,1nternal

rotation/externalrotation,theelbowatgoo

nexion,aneutralpositionoftheWistflexion/
extension,andfullfingerextension.(2)The
distalpositionwaswherethefingertlPOfthe
middlefingertouchedthefoodvesselwitha

90oshoulderflexion,aneutralpositionofthe
shoulderinternalrotationノexternalrotation,

theelbowatfullextension,aneutralposition

ofthewristflexion/extension,andfullfinger

aproxlmalb二mlddlec:dist礼l
a-bandb_caresamedlStanCe.
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halfwaybetweentheproximalanddistal
positions.
Anelectromagnetictracking

instrumentsystem,(3space,PolhemusCo,
Ltd,USA)wasusedtomeasurethe3D
motionoftheshoulder,elbow,fTorearm,and

wristjoints.Toenablethis,foursensors
detectingangleswerefixedto(1)partofthe
humerus,10cmproximalfromtheolecranon,
(2)thedorsalsideortheproximalulna,(3)
thedorsalsideofthedistalendoftheforearm,

and(4)thedorsalsideofthethirdmetacarpal
bone.Thetransmitter,fromwhichthe

coordinatesf♭rthesensorsorlglnated,was
mountedonasplintandfixedwithabeltat
thexiphoidprocessesofthestemum.To
ehminatetheeffectofanymagneticfields,
metalaccessoriesandwristwatcheswere
removedfrom theareabetweenthe
transmitterandthesensors,Calculationswere

madeonthebasisoftheangleinfわ-ation
(Eulerangle:azimus,elevation,androll)or
eachsensorrelativetothetransmitterat30

Hz.Inthepresentstudy,thenexionangleof
theshoulderjolntWasdefinedasthevector
angleofthesensoratthedistalpartorthe
upperarmprojectedontothesaglttalplane.
Similarly,theabductionanglewasdefined
astheangleprojectedontothecoronalplane.
TodetecttheflexionangleoftheelbowJOlnt,
datawasconvertedwithcoordinate

transformationsoh are(TRN3S,MPJapan,
Tokyo,whichconvertsdatafromthe
transmi仕erintoacoordinatesystemrelative
toagivensensor)byusingthesensorfixed
atthedistalendoftheupperarmastheorlgln
oracoordinate,1.e.theorlglnaldatawas
convertedintothedatafTromthesensorfixed

attheproximalpartoftheforearmrelative
totheneworlglnOfcoordinates.Theflexion
anglewasdefinedasthatobtainedby
proJeCtlngthevectorofthesensoratthe
proximalpartorthefわrearmolltOtheYZ

plane.Thefわrearmrotationanglewas
obtainedfromthedifferenceinrollbetween

thesensorsplacedattheproximalanddist礼l
partsofthefTorearm.Theextensionangleof
thewristJOintwasalsoconvertedwith
TRN3Ssothatthesensoratthedist礼lendor

thefbre… became仇eorlglnOrCOOrdinates.
Theextensionanglewasdefinedasthat
obtainedbyprojectingthevectorofthe
sensoraHhedorsumorthehand.Theulnar

deviationanglewasdefinedastheangle
prqectedontotheXYplane.Inthisway,
Rulerangleswereconvertedintothejoint
anglesforalmmanbodymodel.Finally,each
JOlntanglewasplottedagalnStthetimecourse
duringaneatlngmotion.
3.Activitiesf♭rmeasurement

HEatingpickleswithapalrOf
chopsticks"andHEatingpickleswitha
spoon".Acharacteristicofpicklesisthatthere
islesspossibilityordropping仏emcompared
withamoreliquidfTood.Thechopstickswere
lacqueredwood,22.5cmlongandweighing
log.Thespoonwasabambootablespoon,
20.0cmlongandweighing11,0g.Thefわod
vesselwasaporcelaindishof16.3cm
diameter,4cmhighand3cmdeep.
Topreventanysupplementary

movementsduringmeasurement,thetmnk
wasfixedwithabelttothebackrestofthe

chair.Thethirdcycleofmotionfromthe
beginnlngOreatlngWasmeasuredinorder
toattainaneatlngmotionclosetonormal
motion.Datawithlessthan5degreesof
displacementbetweentheanglesofpre-and
post-eatlngWasSubjectedtofurtheranalysIS.
Onemotioninthepresentstudydefinedas
I.fromafterpickinguporspoonlngfoodfrom
thevessel,takingthefわodtothemouth,to
touchingthefoodinthevesselagaln",i.e.
"picking.for"SpoonlnguP'ruslngaPairof
chopsticksoraspoonwasexcluded.Taking
foodtothemouthwasdefinedas"thefirst
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half.,whilebacktothevesselwas"thelast
half'-.

4.Itemsf♭ranalysts
Themeasureditemswereshoulder

flexionandabduction,elbowflexion,

forearmsuplnation,andwristextensionand
ulnardeviation,motiontime(thefirsthalf,

lasthalf,andthetotaltime)･Thefollowiヮg
modificationwasintroducedtotheanalysIS
ofangles.Thedatawasobtainedat30Hz
butthenumberofdatapolntSWasdiffTerent
frompersontoperson.Toresolvethis
problem,thedatapointsinthefirstandlast
halfmotionswereasslgnedtofTrames0-50
frames50I100,respectively,I.e.therewere
101framesintotal.Thefollowingmethod
wasusedf♭rtheasslgnment.Themeasured

angledatawasproportionallyallottedto
calculatethedatafor51舟amesinthefirst

halfperiodsothatthe50thframe
correspondedtothetimewhenthefoodwas
putintothemouth.Forthelasthalf,similarly,
thedatawastreatedsothatthelOOthfTrame

correspondedtothetimewhentheutensil
contactedthefわod.

5.Statisticalanalysts
TheFriedmantestwasusedto

comparethedifferentpositionsofthevessel
foreachutensil,andiftherewereany
slgnificantdifferences,amultiplecomparison
Dum testwasmade.Thedifferencesbetween

chopsticksandspoonswereanalyzedusing
theWilcoxontest.ThelevelofsigniflCanCe
wasdefinedaslessthan5%.Statistical

Table1.ThedifferenceinROMandtimebetweenthepositionsofthevessel.Using
chopsticks･POM:degree,Motion:see)

chopstbks drferery;e 向irwig∋COmParLSOn
betwoenpro)dmaJ pro)jmaJ mbldle

pro)dmaJ mudle distaJ 3Positicn8VSmi(出b VSdidaJ VSdidaJ
血 kJermax40.7±9.744.7±10.2 56.8±7.5 ★★★ -4.0 -16.1★★ ･12.1*
fb(ion min19.5±8.8 31,9±8.4 42.5±9.0 ** 112.4★ -23.0** -10.6*
evc21.1±5.1 12.8±3.6 14.2±4.0 ** 8.3** 6.9★★ 11.4

shouklermax18.6±7.9 18.2±8.5 25.6±11.9 ★★ 0.4 -7.0★★ -7.4**
abductionrTln12.8±8.8 10.3±8B 10.3±11.6 2.5 2.5
evc 5.8±2.5 7.9±3.2 15.2±7.4 ★■★ ･2.1 -9.2** 17.3**

dbow max119.7±3.6119.4±3.8120.5±3.8 ★ 0.0 -1.0 -1.1★
fb(ion min88.6±6.6 69.9±6.6 50.2±5.9 ** 18.7* 38.4** 19.7*
arc31.0±6.5 49,5±7.3 70.3±8.2 ★… -18.5* -39.3★★ -20.8★

forearm maX59.6±9.8 55.8±13.0 53.5±15.1 3,8 6.1 2.3
supnationrrjn 0.0±14.2 -0.9±10.8 -1.2±12.9 0.9 1.2 0.3
arC59.6±11.456.7±8.7 54.7±11.9 2.9 4.9 2.0

wrbt max22.6±6.9 26.1±6J9 28.8±6.7 ★■★ -3.5* -6.2★★ 12.7
切dendonnlin13.3±8.1 14.3±8.4 14.1±5.8 -1.0 -0.8 0.2
uc 9,3±3,3 11,8±55 14.7±5.0 小 一2.5 -5.4** 12.9

wrbt maX 11.3±6.2 9.7±6.3 9.6±6.9 1.6 1.7 0.1
ulrw TTln 3,4±5.9 1.0±5.4 -3.8±7.0 ** 2.4 7.2★★ 4.8
devbtion arc 7,8±4.3 8.7±3.4 13.5±6.1 壮★ -0.9 -5,7★★ -4,8★
fb･sthdf.scc 0.95±0.290.96±0.29 1.00±0.31 ･0.01 10.05 10.04
hdhaW,Sec 0.88±0.210B7±0.21 1.05±0.20 ★ 0.01 -0.17* 10.18*
totaLs∝〉 1.84±0.481J83±0.44 2.06±0.47 * 0.01 10.22* -0.23

(*:p<0.05,**:p<0,01,** :p<0.001)
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so氏wareSTATviewⅥr.5wasusedf♭rthe

analyses.Differencesoflessthan10degrees
werenotinterpreted/aslarge,evenifitwas
statisticallyslgnificant,anddifferencesof10
degreesormorewerereviewed.

Resu]ts

Table1showsthediffTerencesinJOlnt
angleamongthevariouspositionsorthe
vesselwhenchopstickswereused.The
rangesofaverageanglesofshoulderflexion
were19.5-40.7degreesfわrtheproximal
position,31,9-44.7degreesfわrthemiddle,
and42.5I56.8degreesforthedistal.The
differenceinmaximalvaluewasmorethan

10degreesbetweentheproximalanddistal
positions(p<0.01).Moreover,Comparison
betweenmiddleanddistalrevealeda

di飽renceofmorethan10degrees(p<0.05).
Differencesinminimalvalueswereobserved

amongthethreepositions.Theproximalwas
smallerthanthemiddle(p<0.05),andthe
middlewassmallerthanthedistal(p<0.05),
Similarly,theaverageanglesofshoulder
abductionwere12.8-18,6degreesatthe
proximalvesselposition,10,3-18,2degrees
atthemiddle,and10.3-25.6atthedistal.
Therewerealsodifferencesinmaximal

value:7.0degreesbetweentheproximaland
distal(p<0.01)and7.4degreesbetweenthe
middleanddistal(p<0.01).However,these
differencesdidnotexceed10degrees.The
averageanglesofelbowflexionwere88.6I
119.7degreesattheproximalvesselposition,
69.9-119.4degreesatthemiddle,50.2-
120.5atthedistal.Therewasadifferencein
maximalvaluebetweenthemiddleanddistal

positions(p<0.05),however,thiswasaslight
differenceof1.1degrees.Incontrast,there
weremarkeddifferencesofminimalvalues;

18.7degreesbetweentheproximaland

middleposition(p<0.05),38.4degrees

betweenproximalanddistal(p<0.01),and
19.7degreesbetweenmiddleanddistal
(p<0.05).Theminimalvalueswerein
ascendingorderorproximal,middle,and
dist礼lpositions.Theaverageanglesor
forearmsuplnationwere0.0-59.6degrees
attheproximalvesselplacement,-0.9-55.8
degreesatthemiddle,and-1.2I53.5degrees
atthedistal.TherewerenodiffTerencesamong
thedifferingplacementsofthevessel.The
averageanglesofwhstextensionwere13.3
-22.6degreesattheproximalvessel
placement,14.3-26.1degreesatthemiddle,
and14.1-28.8degreesatthedistal.There
weredifferencesinmaximalvaluesbetween

proximalandmiddle(p<0.05)andproximal
anddistal(P<0.0け However,neither
diffTerenceexceeded10degrees.Theaverage
anglesoruhardeviationofthewristJOlnt
were3.4I11.3degreesattheproximalvessel
placement,1.0-9.7degreesatthemiddle,
-3.8-9.6degreesatthedistal.Therewasa
differenceintheminimalvaluesbetween

proximalanddistalvesselplacements
(p<0.01).However,thisdifferencedidnot
exceed10degrees.
Table1alsoshowstheaveragetime

requiredforthemotions.Thefirsthalftime
tothemouthwas0.95secondsfわrthe

proximalposition,0.96secondsformiddle,
and1.00secondf♭rdist礼l.Thelasthalrtime
fromthemouthbacktothefoodwas0.88

secondsfortheproximalposition,0.87
secondsfわrmiddle,and1.05secondsfわr

distal.Thetimerequiredf♭ronemotionwas
1.84secondsf♭rtheproximalposition,1.83
forthemiddle,and2.06forthedistal.There

weredifferencesamongvesselpositionsin

thelasthalfbetweenproximalanddistal
(p<0.05)andmiddleanddistal(p<0.05).The
distalpositiontooklongerinbothcases.
Table2Showsdifferencesofjoint

angledependingontheplacementofthe

5
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Table2･ThedifferencejnROMandtimebetweenthepositionsofthevessel.Usingspoon.
(ROM:degree,Motion..see)

SFDCn d什erence Pairwisecompar6cm
tx:tween FnカrTd Fro)dmal rTddle

汀0カmal mode distaI 3FX)Sitj耶 VSrTl血Ib VSdistal VSdistaJ
srm klermax 53.8士Il.4 59.1±10.7 64.5±1Q8 ★★★ -5.3 -10.7** 15.4★
fbion nln24.9士7.5 38.4±7.0 48.3±7.1 ★★★ -13.5* -23.4★★ 19.9★

arc 28.9±9.7 20.6±8,2 16.2±6.2 ★★★ 8.3★★ 12.7★★ 4.4
shcLJklermax 29.2士12.6 34.3士14,6 39.9±186 ★ -5.l -10.7** -5.6
abducticn rTtn 14.1±5.7 12.1士5.9 9.4士8.8 2.0 4.7 2.7

arc 15,0士8,5 22.1±12.3 30.5±16.2 ★★ -7.0 -15,0★★ -8.5
elLx)w max117.8±4.2117.9土4.6118.3±4.7 0.0 -l.0 10_4
fbくicrl rTlin80.0±7.1 65.6±6.2 46.3±7.9 ★★★ 14.4* 33.7** 19.3★

arc 37.8±8.2 52.2±8.7 71.9±11.3 ★た★ -14.4* 134.1★★ -19.7*
fcrearm max 5l.5±11.3 51.6±13.7 5l.0±14.2 -0.1 0.5 0.6
SLPrdm rTln -4.2士10.7 -1.1±7.6 5.3±14.l -2.9 -9.5 -6.4

arc 55.7±9.7 52.7士In8 45.7±9.9 ★★ 3.0 10.0★★ 7.0
wrbt max 25.4士7.1 28.3±7.6 29.0±6.0 ★ -2.9 -3.6★ ｣).7
extendon rTtn 18.1士7.7 19.5±5.9 20.2±6.9 ll.4 -2.1 -0.7

arc 7.3±3.3 8.7±3.7 8.8±～.8 -1.4 -1.5 -0.1
writ max 16.4士7.2 17.1±8.1 16.6±8.3 -0.7 -0.2 0.5
ulrw nln 1.2±9.9 2.4士IQ6 -0.4±8.8 ll.2 l.6 2.8
(k＼虎rtion arc 15,l±8,7 14,6±9.1 17,0±8,1 0.5 -1.9 -2,4
fbtbF,sec 1.01土CL26 1.03±Q23 l.12士Q28 * 10.02 10.ll* -0.09
kstJg,SeC O.93土Q24 0･90±Q25 0195土Q28 0･03 -0102 -0.05
totaLsec 1.95土Q49 1.93±Q47 2.08土Q55 0.02 -0.13 -0.15

(*:p<0.05,★★:pく0･01,★仙 :p<0.001)

vesselwhenaspoonw asused.Theaverage

anglesofshoulderflexionwere24.9-53.8

degreesfわrthevesselattheproximal

position,38.4-59.1degreesf♭rthemiddle,
and48.3-64.5degreesf♭rthedistal.The
differenceinmaximalvaluewasmorethan

10degreesbetweentheproximalanddistal

positions(p<0.01)andtherewasalsoa

difference,butlessthan10degrees,between

themiddleanddistalpositions(p<0.01).
DifferencesinminimalValueswereobserved

amongthethreepositionsofthevessel.The

valueswereinascendingorderorthe

proximal,middle,anddistalpositions.

Similarly,theaverageanglesofshoulder

abductionwere14.4-29.2degreesatthe
proximalvesselplacement,12.1-34.3

degreesatthemiddle,and9.4-39.9degrees
atthedistal.Therewasadifferencein

maximalvalue(29.2VS39.9,p<0.01)of10.7
degreesbetweentheproximalanddist礼l

positions.Theaverageanglesorelbow

nexionwere80.0-117.8degreesforthe

proximalposition,65.6I117.9degreesfor

themiddle,and46.3I118.3degreesf♭rthe
distal.Thereweremarkeddifferencesin

minimalvalues:14.4degreesbetweenthe
proximalandmiddleposition(p<0.05),33.7

degreesbetweentheproximalanddistal

(p<0･01),and1913degreesbetweFnthe
middleanddistal(p<0.05).Themlnimal

valuesinascendingorderwereproximal,
middle,anddistal.Theaverageanglesofthe

forearmsuplnationwere42-51.5degrees

attheproximal,-1.1-51.6degreesatthe
middleand5.3-51.0degreesatthedistal.
TherewerenodifrTerencesamongthevessel

positions.Theaverageanglesorwrist

6
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extensionwere18.1-25.4degreesatthe
proxima1,19.5-28.3degreesatthemiddle
and,20.2-29.0degreesatthedistal.There
weredifferencesinmaximalvaluesbetween

proximalandmiddlepositions(p<0.05),
however,thedifferencesdidnotexceed10

degrees.Theaverageanglesorulnar
deviationorthewristJOlntWere1.2-16.4
degreesattheproximalvesselposition,2.4-
17.1degreesatthemiddle,lob-16.6degrees
atthedistal,and-0.4-17.1degrees
altogether.Therewerenodifferencesamong
vesselpositions.
As fortheaveragetimerequiredfor

themotion(Table2),thefirsthalftimeto
themouthwas1.01secondsfortheproximal
position,1.03secondsfわrthemiddle,and
I.12fbrthedistal;仏elasthalftime丘･om仇e
mouthbacktothefわodwas0.93Secondsf♭r

theproximalposition,0.90secondsfわrthe
middle,and0.95secondsforthedistal.The
timesrequiredf♭ranentiremotionwere1.95
secondsfわrtheproximalposition,1.93
secondsfTorthemiddle,and2.08secondsfTor
thedistal.Thereweredifferencesamong

vesselpositionsinthefirsthalftimebetween
theproximalanddist礼lpositions(p<0.05),
thedist礼lpositiontakinglonger,
Table3Showsthecomparison

betweenthetwoimplementsforjolntangles
andvesselpositions.Whenthevesselwasat
theproximalposition,thereweredi飽rences
ormorethan10degreesinthemaximal
valuesofshoulderflexionandshoulder

abduction;bothvalueswerelargeruslnga
spoon(nexion:p<0.01,abduction:p<0.01).
Therewerealsodifferencesintheminimal

valueofshoulderflexion,maximaland

Table3.Resultsfromusingtwoimplements,andthedifferencebetweenthem.Theboldcharacterindicates
adifferenceof10degreesormore･(ROM:degree,Motion:see)

proximaJposiljon mid]bFDSkbn dbtalposition
chq〕stとks spoon d肝耶rY=edlq)Stk:ks spoon d肝訂erreChcpstk:ks spoon d耐脈rt:e

shd｣klerrTuX40.7±●.753̂土11.■･13.1★★★ JI4.7士10.2軸.1土10.7･1■.■★★★56.8±7.5 64.5±10.8-7.7★
flexiOn min19.5士8.824.9±7.5 15.4★★ 31.9土8.438.4±7.0 -6.5★★42,5士9.0 48.3±7.115.8★★
訂･C21.1±5.128.9±9.7-7,8★★ 12.8±3,620,6±8.2 -7.8★★★14.2±4.0 16,2±6.2 -2.0

shouklermax18.●±7.028.2±12.8Ilo.● ★★ 18.2±●.5343±14.4 ･18.1*** 25.0±1Hl.93P.P±1暮.8Ill.3**
abductbnmin12.8士8.814.1±5.7-1.3 10.3土8.612.1±5.9 -1,8 10.3土11.6 9.4±8.8 0.9
arc 5.8±2.515.0±8.5-9.2*** 7.9±3.222.1±12.311A2**15.2±7.430.5±16.2･15.3**★

etbo〝 max119.7±3.6117.8士4.2 1.9★★★119.4±3.8117.9±4.6 1.5*120.5±3.8118.3±4.7 2.2**
flexion min88.6±6.680.0±7.1 8.6★★★69.9±6.665.6±6.2 4.3* 50.2±5.9 46.3±7.9 3.9
arc31.0±6.537.8±8.2-6.8★★ 49.5±7.352.2士8.7 -2.7 70.3±8.2 71.9±11.3-1.6

forearm max59.6±9.851.5±11.3 8.1*★ 55.8±13.051.6±13,7 4.2* 53.5±15.151,0±14.2 2.5
SUF)rVltbnmin O.0±14.2 -4.2±10.7 4.2 10,9±10.8 -1.1±7.6 0.2 11.2±12.9 5.3±14.1-6.5
arcS9.6±11.455.7±9.7 3.9 56.7士8.752.7±10.8 4.0 54.7±11.945.7±9.9 9.0★

writ max22.6±6.925.4±7.1-2.8
extE!r6ionmjn13.3j:8.118.1±7.714.8

26.1±6.928.3±7.6 -2.2 28.8±6.7 29.0±6.0 -0.2
14.3士8.419.5士5.9 -5.2 14.1±5.8 20.2±6.9 -6.1

arc 9.3士3.3 7.3±3.3 2,0 11.8±5.5 8.7±3.7 3.1 14.7±5.0 8.8±2.8 5.9★★
writ maxll.3士6.216.4士7.2-5,1★★ 9.7j:6.317.1±8.1 17.4* 9.6±6.9 16.6±8.3 17.0★
LJr白r min 3.4±5.9 1.2±9.9 2.2 1.0±5.4 2.4±10.6 11.4 13.8±7.0 -0.4±8.8 -3.4
deviatbnarc 7.8士4.315.1±8.7-7.3★★ 8.7±3.414.6±9.1 -5.9★ 13.5±6.1 17.0±8.1-3.50
firsthalf,see 0.95±0.291.01±0.Z6-0.06 0.96±0.291.03士O.Z3 10.07 1.00±0.311.12±0.28-0.12
bsthdf,see O.88±0.210.93±O.Z4-0.05 0,87±0.210.90±0.25 -0.03 1.05±0.200.95±0,28 0.10
total,see 1.84±0.481.95±0.49-0.11 1.83±0.441.93±O.47 -0.10 2.06±0.472.08±0.5510.02

(★:pく0.05,★★:p<0.01,★★★:pく0月01)
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minimalvalue畠ofelbownexion,maximal

valueoffわrearmsuplnation,andmaximal
valueofwristulnardeviationbuttheydid
notexceed10degrees.Othermeasureditems
didnotshowanydifferences.Whenthe
vesselwasatthemiddleposition,therewere
alsodifferencesofmorethan10degreesin
themaximalvaluesofshoulderflexionand

abduction;bothvaluesweregreaterwhena

spoonwasused(p<0.001),Moreover,there
weredifferencesintheminimalvalueof

shoulderflexion,maximalandminimal
valuesofelbowflexion,maximalvalueof

forearmsuplnation,andmaximalvalueof
wristulnardeviation.Howevertheydidnot
exceed10degrees.Whenthevesselwasat
thedistalposition,therewasadifferenceof
morethan10degreesinthemaximalvalue
ofshoulderabduction,beinggreaterwiththe
spoon(p<0.01).Thereweredifferencesinthe
maximalandminimalvaluesorshoulder

nexion,maximalvalueofelbownexion,
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minimalvalueofwristextension,and
maximalvalueofⅥ汀istulnardeviation.These

didnotexceed10degrees.However,thearc
offorearmrotationshowedadifferenceof

about10degreesanditwasgreaterwith
chopstickuse(p<0.05).Therewereno

differencesinmotiontimeamongthethree
vesselpositions.
ThefbllowlngObservationscanbe

madefTromthetimeseriesgraphsinwhich
themeasuredvaluesofeachsubjectwere
allottedtolOlframesandtheallotteddata

ofthesubjectsineachframewasaveraged.
InFigure3-1,regardlessofthetoolsor
positions,theshoulderJOintflexionshowsa
cone-ShapedproJeCtionwhentheutensilwas
closetothemouthandtheprojectiontended
tobehigherateitherthebeginnlngOrthe
endofthemotion;beinghigherthefurther
awaythevesselwasfTromtheutensil(Figure
3-llForshoulderabduction(Figure312),the
graphshowsacone-shapedproJeCtionwhen

頑 聖 ___ ▲▲AA-J,lLllI--I.A.L..

山̂ .二 二 :撹 -■●●-コ一b..-g..了 『 芸
▲■AA- q コ｣ ...▲..-▲山..-- ..二.

二 一′√

1 11 21 31 41 51 61 71 81 91 101
frame

Jchopsticks/Proximal ▲chopstl'cks/rniddle ●Chopsticks/distal

□spoon/Proximal △spoon/middle Ospoon/distal

Figure3-1･Timeseriesgraphsofshoulderjolntf一exion.
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Figure3-2･Timeseriesgraphsofshoulderjointabduction.

●▲▲ ●●●●.
▲▲▲▲ l'.:浴.

▲▲▲cg‡ I.塾 這
_がま _?or ●○●●■●■■▲▲
--. lI●
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frame

■Chopsticks/Proximal ▲Chopsticks/middle ●chopstiGks/distal
□spoon/Proximal △spoon/middle Ospoon/distal

Figure3-3･TimeseriesgraphsofelbowJOintflexion.

aspoonwasused,whiletheprqJectionisnot
remarkablewithchopsticks.Thetendency
observedintheelbownexionissimilarto

thatoftheshoulderflexion.However,in

contrast,theproJectionangleatthebeglnnlng

andendtendstobelowerwithgreater
distanceofthevesselfromtheutensil(Figure
3-3).Thegraphorfわrearmsupination
仔igure3-4)Showsacone-Shapedprojection
fTorbothutensilswhenchopstickswereused;
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Jchopsticks/Proximal ▲Chopsticks/middle ●chopsticks/distal

ロspoon/Proximal △spoon/ml'ddle Ospoon/distal

Figure3-4･TimeseriesgraphsofforeamlSuPmation･
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什ame

Ichopsticks/Proximal ▲Chopsticks/middle ●Chopsticks/distal

□spoon/Proximal △spoon/middle Ospoon/distaI

Figure3-5･TimeseriesgraphsofwristJOlntextension.

Withthemaximalangletendingtobe
obseⅣedimmediatelya氏erremovingthe
chopsticksfromthemouth.Intheextension
orthewristjoint(Figure3-5),thegraph
showsavalley-Shapeddepressionanda
minimalvalueappearsa氏erremovlngthe

Chopsticks丘.omthemouth.Thismeansthat
apositionofnexionofthehighestdegree
appeareda洗erpullingthechopsticksoutfTrom
themouth,Whenaspoonwasused,thegraph
generallyfわrmsavalley-shapeddepression.
However,theextentorthedepressionisnot
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lchopsticks/proxlrmar ▲Chopsticks/middle ●Chopsticks/distal
□spoon/Proximal △spoon/middle Ospoon/distal

Figure3-6･TimeseriesgraphsofwristJolntulnardeviation.

fiddsSit;vn:aadtiadatiar°On∩rdOn
l土 l 日日..

1 11 21 31 41 51 61 71 81 91 101

frame

Figtlre4-I.ShoulderjointflexioninuslngWithchopsticks.Thevesselisproximalposition･
Timeseriesgraphsofmeanangleandstandarddeviationateachframeinallsubjects･

asremarkableaswithchopsticks.Theulnar becomesnatter.Theonlycasethatshows

deviationofthewristjoint(Figure3-6) minpsvaluesatthebeginningandendofthe
becomesacone-ShapedprqleCtionwhena motlOniswhenchopstickswereusedandthe
spoonwasused,whilewithchopsticksand vesselpositionwasdistal.
thevesselfurtheraway,theprojection Ofthetimeseriesgraphsofmeasured
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Figure4-2.Shoulderjointflexioninuslngwithspoon.Thevesselisproximalposition.Time
seriesgraphsofmeanangleandstandarddeviationateachframeinallsubjects･
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Figure4-3.Shoulderjointabductioninusmgwithspoon.Thevesselisproximalposition,Time

seriesgraphsofmeanangleandstandarddeviationateachframeinallsubjects･

valuesf♭rallsubjects,thestandarddeviation thestandarddeviationshowsasimilardegree

graphsde誓onstratedthefollowing (Figure4-1and2)･However,intheshoulder
characteristlCS.Thegraphsorshoulder jointabduction,thestandarddeviation
nexionangleshowacone-Shapedprojection becomeslargerasthespoonisclosertothe

withchopsticksaswellaswithaspoon,and mouth,showinggreatervariance(Figure4-
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Figure4-4.ShoulderjolntabductioninuslngWithchopsticks･ThevesselisproximalPosition･
Timeseriesgraphsofmeanangleandstandarddeviationateachframeinallsubjects･
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Figtlre4-5･ElbowJOintflexioninusingWithchopsticks･Thevesselisproximalposition.Time
seriesgraphsofmeanangleandstandarddeviationateachframeinallsubjects･

3).Chopsticksalsohaveasimilartendency,
butitisnotasremarkableaswiththespoon

(Figure414).Theelbowjointnexionhasa
smallstandarddeviationforbothchopsticks

andspoonusers,indicatlngSmallervariance
amongthesubjects.Inparticular,thevariance
tendstobesmallerwhentheutensilgets

closertothemouth(Figure4-5and6).

Discussion

1.Maximalandminimalvaluesintherange
ormotion

Thepresentstudydeterminedthe

13
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Figure4-6.ElbowjointnexioninuslngWithspoon.Thevesselisproximalposition.Time

seriesgraphsofmeanangleandstandarddeviationateachframeinallsubjects.

rangeormotionoftheupperextremlty
requiredfわreatlngWithchopsticksora
spoon.InSafeeetal.'S6)study(Table4),10

subjectsparticipated,andallwerehealthy,
right-dominantmenranglnglnagefTrom20

to29yearsandinheightfrom 167cmto
186cm.Thesubjectswereseatedonan
adjustedchairuntilthefわrearmbarely
touchedthetable,andtherangeofmotionof

theupperextremitywas山enmonitoredwhen
aspoonwasused,Ourresultswithaspoon

hadgreatermaximalandminimalvaluesor
shoulderflexionby17.7and17.2degrees,
respectively,thanthoseorthestudyby
Safhee;butthearcofflexionoftheshoulder

JolntWasSimilarinbothstudies.Themaximal
andminimalvaluesoftheshoulderabduction

were7.4and7.5degreesgreaterinourstudy,
respectively,whiletheabductionarcwas

nearlythesamevalue.Themaximaland

minimalvaluesoftheelbowJOlntflexion

were5.4degreesand21.2degrees,

respectively,lowerinourstudy,whilethe
elbowarcwas15.8degreesgreater.The

forearmsuplnationandpronationwere7.2

degreesand18.7degrees,respectively,lower
inourstudy,andthedifferenceofforearm

arcwasalsoasmuchas25.9degreeslower.

Thesemeansthatoursubjectshadthesame
shouldermotionasthoseinthestudyby

Safaeeetal.wheneatlngWithaspoonand
bothmaximalandminimalvaluesofthe

motioninoursubjectsweregreater.Thusthe

Safaeeetal.subjectswerelikelytohave
placedtheirelbowJOlntatamoreposterior
positionthanthoseinourstudy.Inother

words,withSafaeeetal.,thepositionofthe
foodvesselwasprobablyclosertothetrunk
thaninourstudy.However,thisisunclear

becausetheydidnotdescribeitspositionlng.
Moreover,theirsubjectsprobablyused
rotationalmovementorthefわrearmmuch

morethanelbowJOintmovementas

comparedwithoursubjects.

Tanakaetal.7)havepreviously

reportedtheshoulder,elbow,andfわrearm
motionwhenapairorchopstickswasused

(Table4)･Inthatstudy,thefoursubjectswere
allhealthy,right-dominantpeopleranglngln

agefrom24to38years.Thesubjectswere

14



ToruNagao. JointMotionAnalysisoftheUpperExtremityRequiredforEatingActivities

T柚lc4･Comparisonwithpreviousstudiesl(ROM:degree)

autrx)r Shfaee.RRetaL Tanakaetat. NbQaD(OroXima

Totatofcup,

Toob spoon spoon,ald cry)pdicks spoon cbpsticks spoon
fourk

bstb肝rTt)tわn
totaJm)tbn

0.95±0.29 1.01±0.26

0.88±0.21 0.93±0.24

1.84±0.48 1.95±0.49

sl℃ulder lTでX 36.1±13.7 45 29.5±10.6 44.3±14.7 40.7±9.7 53.8±11.4

fb(bn rnin 7.8± 7.7 5 9.3±10,7 15.1± 5.2

qc28.3±10.0
srdder m]x 21.8± 7.1
a加Iuctbn rTlin 6.6± 9.9

19.5±8.8 24.9±7.5

21.1±5.1 28.9±9.7

18.6±7,9 292±12,6

40 20.2 29.2

30 15.8± 5.5 33J2± 7,4

6,0± 5.9 10.4± 5.4

9.8 22.8
5
J
g
3t
些

5

12.8±8.8 14.1±5.7

5.8±2.5 15.0±8.5すC 15.2± 7.2
spy)ulder lTBX 16.8±11.9
htemd rTlin 4.8±12.0
rotalbn a･C 12.0± 5.1
elbw rI甘X123.2± 5.0

fkⅨbn min101.2± 8.1
arc22.0± 7.9

0 116.2± &9 116.4±10.4 119.7±3.6 117.8±4.2

0 82,1± &6 65.4± 4,9 88,6±6,6 80.0±7.1

0 34.1 51.0 31.0±6.5 37.8±8.2

foream TTtD( 58.7± 5.8 60 49.9± 4.4 262± 6.6 59.6_+9.8 51.5±11.3

suphatbn 汀山 '22.9_+14.6 140 -18.2± 5.5 '25.3± 6.9 0.0±14.2 ･4.2±10.7

才C 81.6±17.5 100 68.1 51.5 59.6±11.4 55,7±9.7

wrid rr日x 20.4± 8.7 20

extensbn min 7,7± 9.0 -10
22.6±6.9 25.4±7.1

13.3士8.1 18.1士7,7

qc 12.8± 4.1 30 9.3±3.3 7.3±3.3

wrid nvx 4.2± 6.2 20

ulrar rdn ･4.4± 5.9 ･5

deviatbn arc 8.0±2.4 25

ll,3±6.2 16.4±7.2

3.4±5.9 1.2±9.9

7.8±4.3 15.1±8.7

seatedona40cmhighchairata63cmheight
table.Thevesselwasplacedatadistanceof
about30cmfromsubject'sbody.Compared
withtheirstudy,themaximalandminimal
shoulderflexionswere11.2degreesand10.2
degreesgreaterinourstudy,respectively,and
thefわrearmpronationwas18.2degrees
smaller.Theseresultssuggestthattheelbow
JOlntSOfoursubjectswerealwaysplaced
fdheranteriorthanthoseofthesubjectsof
Tanakaetal.;andthattheirfoodvessel
placementwaslowerthanours,Sothattheir
subjectsneededgreaterpronation.However,

themaximalsuplnationwasgreaterinour
study.Thismeansthattheirsubjectstook
foodtothemouthwithoutmuchsuplnation.
Thissuggeststhepossibilitythatthetrunk
oftheirsubjectswasnotfixedduring
measurementortheybenttheneckmorethan
oursubjectsdidwhentakingfoodtothe
mouth.Moreover,whenaspoonwasused,
theshoulderjolntangleintheirstudyshowed
asimilartendencytoours,while仏eminimal
valueofelbownexionwassmallerintheir

subjects,1.e.greaterelbowextensionand
pronation,suggestlngalowervesselposition

15
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intheirstudy.Sincethemaximalvalueor
suplnationintheirstudywassmallertothat
inourstudy,anysupplementarytrunk
movementmighthavehadastronger
innuence,asinthecaseofeatlngWith
chopsticks,orthedifferenceofmaximal
valueorsuplnationmightbeduetobending
theneck.Theseresultssuggestthatin
measuringjointmotionortheupper
extremltylneatlng,themotionneedsto
controlanysupplementarytrunkmovement
orneckflexion,

2.Comparisonorvesselpositions
Whenchopstickswereused,the

positionofthevesselinfluencedthe
differencesinmaximalandminimalshoulder
nexionaswellasminimalelbowflexion.

Therewasalsoaslightdifferenceinthelast
halrtimeneededfわrthemotion.Thereason

theminimalvalueofshoulderjointnexion
becamegreaterwithalongervesseldistance
wasthatthenexionangleatthestartbecame
largeinordertoreachthevesselatagreater
distance.However,themaximalvalueor
shouldernexionwasgreaterwhenthevessel
wasplacedatthedistalpositionratherthan
atproximalormiddlepositions.Thismay
beduetotheresultofeffectiveuseofthe

upperextremltylnthemotionoreatlng.In
otherwords,itmightbeapreparatoryactivity
forthenextreachbyretainlngtheshoulder
atagreaterflexionanglewheneverpossible
a洗erreachingthevessel舟omalongdistance
andpickingupthefood.Theminimalvalue
ofelbowflexionbecamesmallerthefurther

awaythevesselwaspositioned.Thismaybe
causedbyawiderextensionoftheelbow
JOlnttOreachthevessel,aswasthecasewith
theshoulderJolnt.Inparticular,theelbow
arcofflexionincreasedfromproximal,
middle,todist礼lpositionsandthese
differencesmaybeduetothedisparityin
anglestoreachthevessel.

Whenaspoonwasused,therewere
differencesofmaximalandminimalshoulder

flexion,maximalshoulderabduction,and

minimalelbowflexionamongthepositions
ofthevessels.Themaximalvalueofshoulder

nexionwaslargerwhenthevesselwasplaced
atadistalratherthanaproximalposition.
Themaximalvalueofshoulderflexion

appearedwhenthespoonwasnearthemouth.
Whenthefoodwastakenfromthevesselat

distalposition,theshoulderjolntalreadyhad
alargernexionatthebeginningaScompared
withthevesselintheproximalposition.1mis
differencemightbeduetotheeffectiveuse
oftheupperextremityinthemotionofeating,
aswasthecasewithchopsticks.Similarly,
theminimalvalueofelbownexionbecame

smallerasthevesselwaspositionedfurther
awayandthiswasprobablycausedbyawider
extensionortheelbowJOlnttOreachthe
vessel.Themaximalvalueorshoulder

abductionthatappearedwasnotobservedin
themotionwithchopsticks.Themaximal
valueofshoulderabductionwasobtainedas

thespoongotclosertothemouth.¶lismight
beinfluencedbyamotiontokeepthe
shoulderabductionangleconstantinorder
toeatthefooda氏erspoonlngltuP.
3.Comparisonbetweenutensils
Thedifferenceinvaluesbetween

chopsticksandspoonswasobseⅣedinthe
maximumvalueofshoulderabductionwhen

thevesselwasplacedatproximal,middle,
anddistalpositions.Theabductionanglewas
greaterf♭rthespoonatanyvesselposition.
Themaximalvalueorshoulderabduction

wasobseⅣedwhenthespoonwascloseto
themouth,irrespectiveofthepositionofthe
vessel.Whentheabductionangleorthe
shoulderissmall,ulnardeviationoftheMist
isneededtotakefわodtothemouthwithout

dropplngit.Anulnardeviationof16.4-17.2
degreeshadalreadybeenproducedwhenthe

16
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spoonwasclosetothemouth.Thus,when
theshoulderwasadducted,muchulnar
deviationwouldbeneeded.TousetheⅥTist

jointemcientlywithoutexcessulnar
deviationwheneatlng,theabductionangle
oftheshouldermustbewidenedmuchmore

whenaspoonisusedratherthanchopsticks.
Thissuggeststhatthereisalowerpossibility
Ofdropplngfわodwithchopsticks,andthus
thereisnoneedtoregulatemotionbyuslng
thewristJOintandshoulderabduction.
Anotherdifferencewasobservedinthe
maximalvalueofshouldernexionwhenthe

vesselwaspositionedattheproximaland
middlepositions.Thesedifferenceswere
greatermaximalvaluesofflexioninboth
positionswhenaspoonwasused.Thisis
similartotheshoulderabductiondescribed

above.Itissuggestedthattheshoulderwas
abductedtoreduceulnardeviationofthe

wrist,andsimultaneouslytheshoulder
nexionanglebecamegreater.Tosupplement
thismovement,theextensionangleorthe
wristincreasedatpolntSOnagraphthat
measuredvaluesofallsubjects,andshowed
thattheextensionofthewristJolnttendedto
occurasthespoongotclosertothemouth.
4.InterpretationofgraphsindicatlngStandard
deviations

Thetimeseriesgraphsoreach
measureditemindicatedthatthestandard
deviationorshoulderabductionbecame

greaterasthespoonwasclosertothemouth.
Comparedtoeatlngwithchopsticks,aspoon
requlreSmoreCarenottOdropfood.A
comparisonbetweenutensilsshowedthatthis
regulationtoavoiddropplngfoodwas
perfわrmedbyashoulderjointmotion.
Moreover,itislikelythatthisregulation
differsgreatlyfrompersontoperson.By
contrastthemotion,Includingelbownexion
toregulatethedistancetoapproachanobject,
tendstoberelativelyconstantandcanbarely

beinfluencedbyindividualdifferences
becausethespoonwasplacedclosertothe
mouth,thesubjectstendedtohave
experiencedthemotionrepeatedlyindaily
life.
5.Motiontime

Thelasthalftimewithchopstickswas
thesameattheproximalandmiddlevessel
positionsandlongeratthedist礼lposition.
SinceeatlngWithchopsticksmakesit
necessarytopickupfood,thedegreeof
difficultybecomesgreaterwiththedistance
ofthevessel,andalongertimeisneededto
fitthetipofthechopsticksaroundthefood.
Thelongertimewiththevesselatthedist礼l
positionisthoughttobeduetothetime
requiredtograspfわod.Thiswasprovenin
thateatlngwithaspoon,whichdidnotneed
tograspfood,didnotshowanydifferencein
thelasthalftimeatanyposition,whileeatlng
withchopstickshaddifferences.Eatingwith
aspoontooklongerinthefirsthalftimeat
thedist礼lpositionthanattheproximal
position.Withaspoonitisnecessarytotake
foodtothemouthwithoutdropplngit.Itis
suggestedthatthedegreeofdifficulty
becomesgreaterwiththedistanceorthe
vesselandmuchmoretimewasneededto

takethefoodcarefully.Itwasproventhat
eatlngWithchopsticks,withoutthesame
propensitytodropfood,tookthesamefirst
halftimeinallyposition,whileeatlngwitha
spoonshoweddifferencesinthefirsthalf
timeamongvesselpositions.Thetime
requiredwasnodifferentbetweeneatlng血th
Chopsticksandwithaspoonatanyvessel
position.ThissuggeststhatbecauseeatlnglS
ahighly-skilledmotion,therewasno
differenceamongutensilsbutrathervessel
positions,whichinnuencesthemotiontime.
6.Conclusion

Datadetailingtherangesofmotion
andtimef♭reatingactivitieswereobtained
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inthisstudy.However,therearesome studyshouldbeundertakenwhichincludes
cautionsingeneralizingfromtheresultsof otheragegroupsandpeopleofdifferent
thisstudy.Thedatawereobtainedfrom races.
healthyyoungJapanesepeople.Afurther
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