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Westudiedthepressureexertedbyhandsduringpush-upsin21paraplegicand2tetraplegicpatients
employing4dierenthandpositions.Inthefingers-spreadposition,theinitialforceexertedwasa
verticalforce(Fz),followedbyamedio-lateralforce(Fy)andthenanantero-posteriorforce(Fx).
Intheother3positions,theorderofforcetypeexertionwasFz,Fx,andthenFy.Allsubjectswith
neurologicalinjurylevelsaboveT4andsubjectsbetweenT5andT10withoutspinalinstrumentation
couldnotpushthemselvesupinthefingers-spreadposition.ThefactthatFyisinitiatedbeforeFx
inthefingers-spreadpositionindicatesthatlateralbalancingofthetrunkiscriticalinthisposition,
thusexplainingwhysubjectswithoutspinalinstrumentationwithneurologicalinjuryatalevel
higherthanT10couldnotcontroltheirspinalcolumnswhileperformingpush-ups.Incontrast,
antero-posteriorbalancingtakespriorityintheotherhandpositions.Webelievethatspinal
instrumentationhelpsbalancethetrunkinthelateraldirection,convertingthethoracicspineinto
arigidbodyinsubjectswithneurologicalinjuryatlevelsaboveT10.
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T heseatedpositionpush-upmotionconsistsofthe
followingactions;liftingthebodyfromthefloor

orseatbyextendingtheelbowsfromaflexedposition,
maintainingtheelbowsinfullextension,andthenlower-
ingthebodysmoothlydowntothefloororseatbyflexing
theelbows.
Thesemovementsareessentialtopatientswithspinal

cordinjury(SCI)whohavelosttheirlowerextremity
functionsduetoparalysis［1］.Forexample,push-ups
arenecessaryforthepreventionofpressuresoresand
alsoformovementfromoneplacetoanother(wheelchair
tocarandsoon)［1］.Ifsuchactivitiescannotbe

performed,thepatientcannotachieveanindependentlife
style.
Despitetheimportanceofpush-upsfortheactivitiesof

dailylife(ADL),therehavebeenfewkinesiological
studiesofthisseriesofmotions［2,3］.Wetraditionally
use4dierenthandpositionsinexercisesforSCI
patients:1)push-upswithapush-updevicewhichpro-
videsastronggripintendedmainlyforexercise;2)
push-upswiththehandinaclenched(fist)position,which
hastheadvantageofelongatingthedistancefromthefloor
totheshoulder;3)push-upswithaflat(palm),providing
stableweightsupport;and4)push-upsinaspread-finger
positiontogainmoredistancethanisachievableinthefist
position.However,weoftenencounterSCIpatientswho
cannotperform push-upsusingthelessstablehand
positions.Usingaforceplate,weinvestigatedthe
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pressuresexertedbyhandsofpatientsdoingpush-ups;
theabilitytobalancedependeduponthelocationofspinal
injury.

SubjectsandMethods

Twentyoneparaplegicand2tetraplegicpatientswere
studied.Theneurologicallevelofparalysiswasdeter-
minedaccordingtotheASIAinternationalstandard［4］.
Subjects’agesrangedfrom19to51years(31.4±6.3),
theirheightrangedfrom152to183cm(169.0±7.2)and
theirweightrangedfrom41to86kg(57.4±9.1)(Table
1).Allsubjectsrequiredwheelchairsforlocomotionand
allwereabletotransferthemselvestoandfromtheir
wheelchairswithoutassistance.
Thepressuresexertedbypatients’handswhiledoing

push-upsweremeasuredwithaforceplate.Theappara-
tuswasoriginallymadeforgaitanalysisandconsistedof
amatrixsystem(AnimaCo.Ltd.,Tokyo,Japan).2
box-shaped,steel-framedplatform attachmentswere
designedtoaugmentthegaitsystem.Theplatformswere

setontotheforceplate［5］.
Thesubjectsatonarack,andtheischialtuberosities

ofeachsubjectweresetonthesamepositionsontherack.
Theirlegsandbuttockswereplacedjustoutsidetheforce
plates(Fig.1).Thesubjectscarriedoutpush-upswith
theirhandsinthefollowingpositions:fist,spread-finger,
andpalm,andbyusingthepush-updevicesfirmlyatta-
chedtotheplatforms(Fig.2).Theforceplatemeasured
reactionsexertedagainstthefloorin3dimensionswhile
thesubjectspushedtheirbodiesawayfromthefloor.
Apairofelectrogoniometerswasattachedtoeach

subject’selbowandwristjointsforthemeasurementof
angulardeviationofeachjoint.Theflexionandextension
oftheelbowjointsweremeasured,andthepalmarflexion
anddorsalflexionofthewristjointsweremeasured.The
electrogoniometerwasmadeofaflexiblesteelplateon
which4straingaugeswereattached.AWheatstone’s
bridgewasassembledfromthe4straingauges.Whenthe
steelplatewasflexed,theelectriccurrentobtainedwasin
directproportiontotheangulardeviationofthejoint(Fig.
3).Datafromtheforceplateandelectrogoniometerswere
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Table1 Subjectprofiles

No.ofsubject Age&sex
Bodyweight
(kg)

Height
(cm)

Neurological
level

Impairment
scale

Etiology
Finger
push-up

Spinal
instrumentation

1 40M 77 181 C7 C Trauma X X
2 37F 41 162 C8 A Trauma X X
3 34M 86 183 T4 A Trauma X X
4 32M 50 160 T4 A Trauma X O
5 33M 63 171 T4 A Trauma X X
6 19M 57 172 T5 A Trauma O O
7 41M 49 180 T5 A Trauma X X
8 20F 63 152 T7 A Disease X X
9 29M 53 178 T8 A Trauma X X
10 46M 67 162 T8 A Trauma O O
11 21F 51 157 T8 A Trauma O O
12 28M 59 163 T9 A Trauma X X
13 24M 47 170 T9 A Trauma O O
14 31M 47 170 T10 A Trauma X X
15 31M 75 168 T10 A Trauma O O
16 24M 52 168 T11 A Trauma O O
17 51M 62 160 T11 A Trauma O O
18 21M 47 176 T11 A Trauma O X
19 30M 56 183 T11 A Trauma O O
20 30M 56 169 T12 A Trauma O O
21 34M 48 160 T12 A Trauma O X
22 39M 46 164 T12 A Trauma O O
23 28M 69 178 L3 A Trauma O O

Fingerpush-up:o,subjectwasabletoperformpush-up;x,subjectwasunabletoperformpush-up.Spinalinstrumentation:o,subjecthad
undergonespinalinstrumentation;x,subjecthadnotundergonespinalinstrumentation.
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A B C D
Fig.2 FourhandpositionstypicallyusedinexercisesforSCIpatients.
A,Push-updevice;B,Fist;C,Finger;D,Palm.

Fig.1 Theforcemeasuringsystemusedinthisstudy.

A B
Fig.3 A,Electrogoniometer,towhich4straingauges(R1-R4)wereinstalled.B,Wheatstone’sbridgecircuit.
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recordedsimultaneouslyonapolygraph.
Thesubjectswereaskedtoextendtheirelbowsfor1

sec,andtomaintaintheirelbowsinthisextendedposition
inordertokeeptheirbodieselevatedfor1sec;Then
subjectwereaskedtoflextheirelbowsinordertolower
theirbodiesandreturntothestartingposition.A
metronomecontrolledthetimingofthesemotionsas
preciselyaspossible.

Results

Allpatientswereabletoperformpush-upsinthefist
andpalmpositions,andbyusingthepush-updevices.
Fivepatientswhoseneurologicalinjurylevelswereator
aboveT4couldnotperformpush-upsinthespread-finger
position.Eightpatientswhoseneurologicalinjurylevels
wereatorbelowT11wereabletoperformpush-upsin
thespread-fingerposition.However,5ofthe10patients
whoseneurologicalinjurylevelswerebetweenT5and
T10couldnotperformpush-upsinthespread-finger
position.Theselatterpatientshadnospinalinstrumenta-
tion(Table1).
Noessentialdierencesinpressureexertedagainstthe

floororangulardeviationoftheelbowandwristjoints

wereobservedamongthe3handpositionsandthe
push-updevice(Fig.4).Eachcomponentofobserved
pressurewasdividedbythesubject’sbodyweight,in
ordertomakethesecomponentsindependentofthe
subject’sbodyweight.Thepressuresexertedbythe
handsontheforceplatewereclassifiedasantero-posterior
(AP)force(Fx),medio-lateral(ML)force(Fy),and
verticalforce(Fz).Inallcases,Fzwasregisteredbefore
theinitialreadingsforFxandFy.Similarly,Fz
continuedafterthecessationofFxandFyinallcases
(Fig.5).Accordingtotheangulardeviationoftheelbow,
thepush-upmotionwasdividedintothefollowing3
phases:thefirstphasewascomprisedofextension,
whichcorrespondedtotheascendingFz;thesecond
phaseincludedwhenelbowextensionwasmaintained,and
correspondedtostaticFz,andthethirdphaseincluded
flexion,whichcorrespondedtoadescendingFz(Fig.6).
Inthepalmposition,Fxhadalargeramplitudethanitdid
intheotherhandpositions.Inthefingerposition,there
werenoremarkablefindings.Inthefistposition,aslow
FzonsetandlowFyamplitudewereregistered.Byusing
thepush-updevice,Fzproducedasharp,straightlinein
theascendinganddescendingphases;relativelylow
amplitudewavesofFywereobservedintheascending

Fig.4 Handpressureandangulardeviationoftheelbowandwristjoints,asmeasuredduringpush-upswithpush-updevices.Fx,
Anteroposterior(AP)force(rightside);Fy,Mediolateral(ML)force(rightside);Fz,Verticalforce(rightside).Fx,Fy,Fzandangular
deviation:horizontalaxisindicatesthepercentageofapush-upcycle.
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anddescendingphases,andlow Fxoscillationwas
observedthroughoutallofthephases(Fig.7).
Fx(theAPcomponent)didnotshowadefinite

pattern.IntheFxcurve,theanteriorcomponentand
posteriorcomponentappeared to alternate. These
findingswereobservedinthecaseofall4push-up
techniques.

Fy(theMLcomponent)alwaysshowedmedialforce
inthe4positions.However,theamplitudeofthemedial
componentvarieddependingonthesubject’sposition.
Thegreatestmedialcomponentwasobservedwhenthe
subjectassumedthepalmposition,thenextgreatestwas
observedwiththepush-updevice,andthenwiththe
fingerposition.Thesmallestmedialcomponentwas
observedwhenthesubjectassumedthefistposition.
Fz(verticalforce)revealedatrapezoidalshapewhen

thesubjectassumedthe4handpositions.Arisingcurve
correspondedwiththeperiodwhenthebodywaslifted;
theuppersideofthetrapezoidcorrespondedwiththe
maintenancephase.Inaddition,theuppersideofthe
trapezoidshowed2curvepatterns,namely,horizontal
andconvex.Bothcurvesdemonstratedafinezigzag
wave.Thehorizontallinewasobservedmainlyinthe
patientswhoseparalysislevelwaslowerthanT11.There
werenodierencesamongthe4handpositionscurves
obtainedduringthemaintenancephase.
Asregardsangulardeviationsoftheelbow,the

angulardeviationcurveshowedalmostthesamepattern,
i.e.,atrapezoidalcurve.However,adierenceinampli-
tudewasobservedamongthe4handpositions.The
patternsareshowninTable2.
Asregardsourstudyoftheangulardeviationsofthe

wrist,Table3givesthestartingangle,directionof

Fig.6 Fz(verticalcomponent)andangulardeviationoftheelbow.
Onecycleconsistsof3phases,i.e.,ascending,maintenance,and
descendingphases.

Fig.5 ThestartingandendingpointsofFx,Fy,andFzinmeasuredhandpositions.
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motion,maintenanceangle,andrangeofmotion.

Discussion

WhenSCIpatientsperformapush-up,thebodyis
supportedbybotharms.Somebalancingskillsare
requiredinsuchcaseinordertocontrolthebody’scenter

ofgravity.Thepressuredatarecordedbyaforceplate
reflectthebody’sattemptstobalanceitself.Withsucha
forceplate,FxrepresentsanAPshiftofthecenterof
gravity,FyrepresentsMLshift,andFzrepresents
verticalshift.
IkawaandTokuhiro［6］reportedregularitiesin

startinganddisappearingpointsofeachfloorreaction

Fig.7 Typicalhandpressurepatternandangulardeviationoftheelbowandwristjointsduringpush-upsinthe4handpositions.

Table2 Theangulardeviationofelbows

Elbowangle
(degree)

Handpositions

Palm Finger Fist
Push-up
device

Startingangle 23.9 32.9 37.9 69.1
Angleduringthe
maintenancephase

9.4 11.3 16.1 19.9

Rangeofmotion 14.5 21.6 21.8 49.2

Table3 Theangulardeviationofthewrists

Elbowangle
(degree)

Handpositions

Palm Finger Fist
Push-up
device

Startingangle 64.5 23.7 －6.6 29.6
Angleduringthe
maintenancephase

69.9 28.3 －1.2 40.9

Rangeofmotion 5.4 4.6 5.4 11.3
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correspondingtoahandpositionduringpush-upexercise
inhealthysubjects;theyconcludedthatineachcase,the
requiredbalancingskillwasalteredbyhandposition.In
ourstudyofSCIpatients,wefoundthattheorderof
forcesexertedwasnotthesameinthefingerpositionas
intheotherpositions,i.e.,Fzwasinitiatedfirst,then
Fy,followedbyFx(Fig.5).
Threefactorsdeterminetheclearanceunderthe

buttockgainedbypush-upmovements.Thefirstfactoris
theextensionoftheelbows,thesecondisthedownward
pullofthescapulasandthethirdistheanteriorrotation
oftheuppertrunk,whichinvolvesusingtheshouldersas
fulcrumsandsupportingtheweightofthebodyonboth
hands.Thefirstelementdependsonthepowerofthe
tricepsbrachii,theseconddependsonthepowerofthe
shouldergirdlemuscles,inparticular,thepectoralis
major,serratusanterior,andlatissimusdorsi［1,2,7］.
ThesemusclesareinnervatedbytheC6-C8nerveroots
andinourstudywereparalyzedinonlyoneofthepatients
weexamined(whoseparalysislevelwasC7).Thethird
factorinvolvedthebalancingofthetrunkontheupper
extremities.Theabilitytoperformsuchbalancingtasks
dependsontheresidualmusclepowerofthetrunk,i.e.,
ontheabdominalmusclesandparavertebralmuscles.The
extentofthisresidualmusclepowerdependsonthelevel
ofparalysis.Patientswithhighthoraciclevelparalysis
maintaintheirbalancebyengagingtheunparalyzed
musclesintheanteriorchestaswellastheupperthoracic
paravertebralmuscles.Suchpatientskeeptheirspinesin
theanatomicallystablekyphosisposition.Atthesame
time,thepelvistiltsposteriorlyduetothesamemecha-
nisms［8］.
Inpatientswithmid-thoraciclevelparalysis,theupper

portionsoftheparavertebralmusclesandtheabdominal
musclesremainvital;duringapush-up,thespinalcol-
umndisplaysthenormalphysiologicalcurve.Thebalanc-
ingofthetrunkiseasierforthesepatients,althoughthey
expendeorttocontroltheparalyzedregionsoftheir
bodiesbelowtheirpelvis.Thepatientswithlowertho-
racicorlumbarlevelparalysishaveevenmoreabilityto
controltheirspinalcolumnandpelvis.Thus,forthese
patients,balancingthetrunkduringapush-upismuch
easierthanitisfortheothergroupsofpatients［8］.
Intheinitialstageoftherehabilitationofpeoplewith

SCI,weemployedapush-updevice(Fig.2).Tousethe
device,patientsgripthebarwiththeirwristsinthe
dorsiflexed position, which provides the most
kinesiologicallystableandpowerfulgrip.Easeofbalance

isdepictedbythelinesofFz,thelowamplitudewaveof
Fy,andthelowoscillationofFx(Fig.7).
SCIpatientsoftenusethepalmpositiontoperform

normaldailyactivitiessuchaswhentheymovefroma
wheelchairtoabed,fromawheelchairtoabathtub,or
fromawheelchairtoacar.Thishandpositionisstable
duetothewidesurfaceareaofthepalmthatoers
support.Toliftthebuttockshigher,patientswillplace
theirhandsmoreanteriorly,andwillalsorotatetheupper
trunkanteriorly.ThelargeamplitudeofFxintheascend-
ingphaseindicatesthisaction(Fig.7).
Thefistpositionisadvantageousingainingclearance

underthebuttocksbecausethedistancebetweenthefloor
andtheshoulderistherebylengthened.However,inthis
position,thepush-upmotionbecomesunstable,asthe
weightissupportedonthebasalphalangesofbothfists;
thus,thewristjointsarerequiredtobekeptinaneutral
orslightlypalmerflexedposition,whichismoreunstable
thanboththepalmpositionandtheuseofapush-up
device.Tokeeptheweight-supportingareaaswideas
possible,therelationshipbetweenthefloorandthehand
mustbefixedandthefistmustbesetadjacenttothebody.
Inthisposition,theflexorsofthewristandfingersare
alreadytensedtomaintainthefist.Theythereforehave
littleremainingpowertopushagainstthefloor,unlike
whenthesubjectisinthepalmposition.Thisscenariois
reflectedbytheslowonsetofFzinthisposition.The
directionofthepush-upinthispositionappearstobe
moreperpendicularthanintheotherhandpositions.The
lowamplitudeofFyofthispositionmayalsoreflectthis
tendency(Fig.7).
NotallSCIpatientscanperformthepush-upmotion

inthespread-fingerposition.Thispositionrequires
simultaneouscontractionofthewristandfingerflexors
andextensors.Thispositionismaintainedbytheanatom-
icalextensioncheckmechanismandbycontractionofthe
fingerandthumbflexors.Inthisposition,theweight
bearingsurfacesarelimitedtomerelythenarrowareasof
thefingertips.Therefore,push-upsinthespread-finger
positionrequiresignificantmusclepowerandbalancing
ability.
Inthisstudy,allsubjectswithparalysisfromlevels

C7toT4wereunabletoperformpush-upsinthefinger
position.ThesubjectwithaneurologicallevelofC7had
muscleweaknessintheextensordigitorumcommunis,
extensorpollicislongus,flexordigitorum profundus
(FDP)andflexorpollicislongus(FPL).Allofthe
intrinsicmusclesinthissubject’shandswereparalyzed.
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ThesubjectwithaneurologicallevelofC8hadpoor
FDP,traceFPL,andparalyzedintrinsicmuscles.
Theselevelsofinjuryexplainthedicultyofmaintaining
fingerstabilityinthefingerposition.
The3subjectswithT4-levelparalysishadsuciently

strongmusclesintheirhandsandforearms.Theyalso
hadintactnerverootsatsitesaboveT1.Furthermore,
theirshouldergirdlemuscles(pectoralismajor,serratus
anterior,andlatissimusdorsi)werenotparalyzed.To
supporttheirbodieswiththeirarms,theyplacedtheir
centerofgravityataninitiallyhighlevelandthenmoved
itanteriorly.Thisrequiredlateralbalancingofthebody,
especiallyintheearlystageoftheascendingphaseinthe
unstablefingerposition.APbalancingtookpriorityinthe
otherhandpositions,whichwasreflectedbythefactthat
FywasinitiatedpriortoFxinthefingerposition(Fig.5).
Generally,paralysisoftrunkmusclesrendersthe

spinalcolumnlimpanduncontrollable,regardlessof
strongarmandshouldergirdlemuscles.Inpatientswith
levelsofparalysisbetweenT1andT4,webelievethat
MLbalancingmaybecomecriticalinpush-upsperformed
inthefingerposition.
Theonlysubjectswithlongspinalinstrumentation

(Harringtonrods［9,10］orLuquerod-segmentalwire
fixation［11］)whocouldperformpush-upsinthefinger
positionhadparalysislevelsbetweenT5andT10.No
statisticaldierencewasfoundaccordingtoage,body
weight,orheightbetweenthesubjectswhocouldperform
push-upsandthosewhocouldnot.Althoughtherehas
beensomecontroversyregardingtheadvantages［12-14］
anddisadvantages［15-18］ofspinalfixation,thepresent
resultsindicatethatspinalinstrumentationstiensthe
spinalcolumnandaidsMLbalancingoftheparalyzed
trunk.Moreover,suchinstrumentationallowsthecenter
ofgravitytobeliftedhigherandthenshiftedtoan
anteriorpositionwithlateralstability.Basedonthefact
thatallofthesubjectswithparalysislevelsbelowT11
couldperformfingerpush-ups,weconcludedthatthe
musclesabovetheT11levelplaysomeroleinstabilizing
thespinalcolumnandpreventinglateralshiftsofthe
centerofgravity.
Untilnow,push-upexerciseshavebeenstudiedin4

handpositionswithoutconsiderationofneurologicallevel
andspinalbalancingintherehabilitationofSCIpatients.
Here,weconcludethateachpatienthasanappropriate
meansofperformingpush-ups,accordingtohis/herlevel
ofneurologicalinjury.
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