


improvedifferentmusclepropertiessuchasincreasingmaximalstrength,explosivestrength,
andhypertrophy[1±3].Different loads(%of 1-RM) resultin differentneuromuscularadapta-
tionsandlifting kinematics[4, 5]. Heavyloads(> 80%of 1-RM) havebeenusedto recruit
high-thresholdfast-twitchmotor unitsaccordingto thesizeprinciple[5, 6], whereaslighter
loads(30%±60%of 1-RM) havebeenusedto maintaintraining speedspecificityandenhance
mechanicalpoweroutput [5, 7]. However,performingballisticmovementswith lighter loads
couldleadto alowerrecruitmentthresholdandthereforerecruit thehigh-thresholdmotor
units [8]. Furthermore,previousstudieshavedemonstratedthatpeakandaveragevelocity
decreasewith increasingexternalload[9, 10].Thejoint andbarbellkinematicschangewith
increasingnumbersof repetitions,andtheoccurrenceof peakvelocitychangeswhenfatigued
[11,12].However,therehavebeenlimited studiesexaminingneuromuscularactivityand
kinematicswhentheparticipantswereaskedto acceleratedifferentloads(%of 1-RM) atmaxi-
mum intendedvelocity.

Increasingtheexternalloadincreasesthedemandsof themusclesto produceenoughforce
to completethelifts andalsoincreasesthechancesof accidents[5, 13].A studythat investi-
gatedmuscleactivationduring lifts until full exhaustion[12] found thatactivationincreased
mostfrom thefirst to thesecondandthird repetitionsin 6-RMsquatsandwaskeptstablein
thelastthreerepetitions.However,becausethatstudyinvolvedonly fivemuscles(vastuslater-
alisandmedialis,rectusfemoris,bicepsfemoris,anderectorspinae),it doesnot offer full
insightsaboutthebehaviorof musclesduring squats.Furthermore,thestudiesinvolvingmus-
cleactivationduring squatswereall performedwith aloadabove80%of 1-RM,with several
repetitionsof lifts andwith no directiveto lift with maximalintendedvelocity[12,14±17].
Twostudieshaveinvestigatedmuscleactivationduring squatswith loadsvaryingfrom 60%,
75%,and90%of 1-RM[18,19].However,in thesetwo studies,differentvariationsof back
squatswerecomparedwith eachother:with andwithout kneewraps[18], or theoverhead
with thestandardsquat[19], andnot thedifferentloadswith eachother.

In heavyresistancetraining (> 80%of 1-RM),kinematicsandmuscleactivationhavebeen
examined.Themajority of thepreviousstudieshaveincludedexplosiveparameters(i.e.,jump
height,poweroutput,rateof forcedevelopment)but not kinematicsandin-depthanalysesof
muscleactivationin training regimesoverthewholespectrumof loadsincluding lowerloads
(30%±60%of 1-RM).Therefore,little isknownaboutmuscleactivationandtiming of maximal
muscleactivationcomparingdifferentloads(30%±100%of 1-RM) with maximumlifting
velocity.Theaimof thisstudy,then,is to comparemuscleactivationpatterningandbarbell
kinematicsin free-weightbacksquatwith differentloadsin experiencedresistance-trained
athletes.Wehypothesizethatmuscleactivityof themeasuredmuscleswill increaseonly after
60%of 1-RM(size-principle)andthatupwardphasedurationwill increasetogetherwith
decreasedmaximalvelocity.

Materials and methods

Participants

Thirteenhealthymalesexperiencedwith resistancetraining wererecruitedfrom thelocalfit-
nesscenterat theuniversitycollege(aged24.2± 2.0years,bodymass81.5± 9.1kg,height
1.78± 0.06m, experience6.3± 3.2years).Inclusioncriteriawerebeingableto lift 1.5times
their ownbodyweight(133.8± 16.7kg)in 1-RMsquat(femurparallelto thefloor) andno
injuriesor painthatcouldreducetheir maximalperformance.Noneof theparticipantswere
competitivepowerliftersor weightlifters.Theparticipantsdid not conductanyresistance
training of thelegs72hoursbeforetesting.Eachparticipantwasinformedof thetestingproce-
duresandpossiblerisks,andwritten consentwasobtainedprior to thestudy.Thestudy
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compliedwith thecurrentethicalregulationsfor researchandapprovedby theRegionalCom-
mitteefor MedicalHealthandResearchEthicsin Norway(REKSør-Øst)andtheNorwegian
Centrefor ResearchData,in conformancewith thelatestrevisionof theDeclarationof
Helsinki.

Procedures

Theparticipantsstartedwith astandardized,progressive,specificwarm-upprotocolaccording
to SaeterbakkenandFimland[20]. After ageneralwarm-upon atreadmillor cycle,theproto-
colconsistedof 15repetitionsat30%,10repetitionsat50%,and6 repetitionsat80%of the
participants'self-reported6-RMloadsin squatting.After thewarm-up,free-weightback
squatswereperformed.Thefree-weightbacksquatwasperformedin apowerrack(Gym
2000,Modum,Norway)with anOlympicbarbell(diameter= 2.8cm,length= 1.92m). The
exercisestartedwith fully extendedkneesandanaturalswayin thelowerback,whichwas
maintainedthroughouttheentireexecution.Usingaself-pacedbut controlledtempo,thepar-
ticipantsloweredthemselvesto 80Êkneeflexion(180Êfully extendedknee)measuredwith a
protractor(femur±fibula).Whentheparticipantshadthecorrectkneeangle,ahorizontalelas-
tic bandwasadjusted[20,21].Theparticipantshadto touchtheband(mid-thigh) in every
repetitionbeforestartingtheconcentricphase.A testleadergaveoralconfirmationwhenthe
participantstouchedtheband.Beforestartingthetestsusingthedifferentloads,1-RMin free-
weightbacksquatwasperformed.After thefinal warm-upset,theloadwasincreasedto
approximately95%of theparticipants'self-reported1-RM.Theloadwasthenincreasedby
2.5±5.0kguntil failure.Failurewasdefinedby thefollowingcriteria:1) theparticipantsfailed
to completealift, 2) theparticipantscouldnot completethelift with propertechnique,or 3)
both theparticipantandthetestleaderagreedthat theparticipantwouldnot beableto lift 2.5
kgmore.The1-RMwasachievedwithin 2±4attempts.Eachattemptwasseparatedbyapause
of 4±5minutes.After thefinal 1-RMattempt,a10-minutepausewasgivenbeforestartingthe
testingusingthedifferentloads.Theloadsbeganfrom 30%,with 10%incrementsuntil 100%
of 1-RM,whichwasbasedon 1-RMachievedbyeachparticipant.Importantly, theparticipants
wereinstructedto acceleratetheloadsin theentireconcentricmovement,whichresultedin a
jump usingthelowestloads(i.e.30%-60%of 1-RM).Twoexperiencedtestleadersensured
that theparticipantsdid not landwith thebarbellon their neck.Thedifferentloadswereran-
domizedfor eachparticipant,with randomorderdeterminedbyarandomnumbergenerator.
Two repetitionsperloadfrom 30%to 60%wereconducted,whilefrom 70%to 100%,1 repeti-
tion perloadwasperformed.A restof 3±5minuteswasgivenbetweeneachattempt[22].

Measurements

Wirelesselectromyography(EMG) wasrecordedbyusingaMusclelab6000systemandana-
lyzedbyMusclelabv10.5.67software(ErgotestTechnologyAS,Langesund,Norway).Before
placingthegel-coatedself-adhesiveelectrodes(Dri-Stick SilvercircularsEMGElectrodesAE-
131,NeuroDyneMedical,USA),theskinwasshaved,abraded,andwashedwith alcohol.The
electrodes(11mm contactdiameterand2cm center-to-centerdistance)wereplacedalongthe
presumeddirectionof theunderlyingmusclefiber accordingto therecommendationsby
SENIAM[23,24].Theelectrodeswereplacedon theright legon themusclebellyof thebiceps
femoris,semitendinosus,gluteusmaximus,rectusfemoris,andlateralandmedialvastus.To
minimizenoisefrom thesurroundings,therawEMGsignalwasamplifiedandfilteredusinga
preamplifierlocatedcloseto thesamplingpoint. TheEMGsignalswereconvertedto root
meansquare(RMS)EMGsignalsusingahardwarecircuit network(frequencyresponse20±
500kHz,averagingconstant100ms,totalerror± 0.5%).ThemeanandpeakRMSEMG
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signalsof eachmuscleduring theupwardphaseof thelift with eachloadwereusedfor further
analysis.Thebeginningandendof eachlift wereidentifiedbyusingalinearencoder(ET-Enc-
02,ErgotestTechnologyAS,Langesund,Norway)attachedat theinsideof theweightsto the
barbell.Theencodermeasurestheupwardphasedurationof thebarbellwith aresolutionof
0.075mm andcountsthepulseswith 10-msintervals[25]. Peakandaveragevelocityof the
barbellandtime to peakvelocityduring theupwardphasewascalculatedbyusinga5-point
differentialfilter with Musclelabv10.73software(ErgotestTechnologyAS,Langesund,
Norway).

Statistical analysis

To assessthedifferencesin EMGactivityduring theupwardphaseof thedifferentloaded
squats,aone-wayanalysisof variance(ANOVA) 1 x 8 (percentageof 1-RM:30±100)with
repeatedmeasureswasused.If significantdifferenceswerefound,aHolm±Bonferronipost-
hoctestwasperformed.In caseswherethesphericityassumptionwasviolated,theGreen-
house±Geisseradjustmentsof thep-valueswerereported.To assessdifferencesin timing of
thebarbellduring thefree-weightbacksquatstestingwith differentloads,aone-wayANOVA
with repeatedmeasures(percentageof 1-RM)wasused.A two-wayANOVA 6(muscles)by8
(percentageof 1-RM) with repeatedmeasureswasusedto evaluatethetiming of maximal
muscleactivationduring thelifts. Thelevelof significancewassetatp� 0.05.Whenp was
between0.05and0.10it wasindicatedwith atrend [26]. Statisticalanalysiswasperformed
with SPSSversion23.0(SPSSInc, Chicago,IL). Effectsizewasevaluatedwith η2

p (Etapartial
squared)where0.01< η2< 0.06constitutesasmalleffect,amediumeffectwhen0.06< η2<

0.14,andalargeeffectwhenη2> 0.14[27].

Results
Theaveragebarbellloweringvelocitywasapproximatelythesamewith all loads1.7±0.4s,
exceptwhenwith 1-RMload,whichwassignificantlylonger(1.98±0.45s).Theaverageand
peakvelocitieschangedsignificantlyoverlifted loads(F� 75.8,p� 0.001;η2� 0.84).The
post-hoccomparisonshowedthataverageandpeakupwardslifting velocitydecreasedwith
eachincreasein lifting load(Fig1).A significantchangein upwardphaseduration(F = 59.5,
p< 0.001,η2 = 0.84)wasfoundwith increasinglifting load(Fig1).Thepost-hoccomparison
showedthat theupwardphasedurationsignificantlyincreasedwith eachincreasingload(Fig
1).Timing of peakvelocityoccurredlaterwith eachincreasingpercentageof 1-RM(Fig1).

A significanteffectof lifting loadwasfound for EMGactivityfor semitendinosus(F = 3.2
p = 0.049;η2 = 0.23)andrectusfemoris(F = 5.0p = 0.007;η2 = 0.31),whilefor theotherfour
muscles,atrend(F� 2.47,0.054< p< 0.08,η2� 0.18)wasfound.Thepost-hoccomparison
indicatedthatwith regardto theEMGactivity,only therectusfemorisshowedregular
increasesin activationwith increasingloadfrom 30%to 40%,40%±70%,and70%±100%of
1-RM(Fig2).Themedialandlateralvastusincreasedin activationonly whenperforming
1-RMcomparedwith theotherloads(Fig2),whilegluteusmaximusactivityincreasedonly
betweenloadsof 60%±80%of 1-RM(Fig3).Thesemitendinosusincreasedactivitybetween
30%±70%and50%±100%of 1-RMloads(Fig3),whilebicepsfemorisincreasedin muscleacti-
vationbetween30%±40%and40%±90%of 1-RMloads(Fig3).

Thetime of occurrenceof themaximalRMSof thedifferentmusclesshowedthatbothper-
centageof 1-RM(F = 5.1p< 0.005;η2 = 0.32)andmuscles(F = 10.99p< 0.001;η2 = 0.50)
hadaneffectupontheoccurrenceof maximalRMS.Furthermore,asignificantload�muscles
interactionwasfound (F = 1.54p = 0.029;η2 = 0.12).Thepost-hoccomparisonrevealedthat
theoccurrenceof maximalmuscleactivationstartedwith therectusfemoris(20%in upwards
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Fig 1. Mean (SD) average and peak velocity, upward phase duration, and relative time of occurrence of peak

velocity in the upward phase at different percentages of 1-RM (30%–100%) of free-weight back squats.! indicates
asignificant difference(p� 0.05)betweenthispercentageandall percentagesawayfrom thesign.

https://doi.org/10.1371/journal.pone.0217044.g001
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phase),followedby thevastusmedial(40%).Fromthemedialvastus,all othermuscles
appearedaround54%to 62%,with no significantdifferencein occurrencebetweenthesemus-
cles(Fig4).Thepost-hoccomparisonof percentagesrevealedthat thetiming of semitendino-
suschangedonly from loadswith 50%to 80%of 1-RM,andfor gluteusmaximus,timing
changedfrom 30%to 50%andagainfrom 50%to 90%of 1-RM,whichalsocausesto interac-
tion effect.

Fig 2. Mean (SD) root mean square (RMS) EMG activity for each percentage of the upward phase in vastus

lateralis, vastus medialis, and rectus femoris during free-weight back squats.! indicatesasignificant difference
(p� 0.05)betweenthispercentageandall percentagesawayfrom thesign.² indicatesasignificant difference
(p� 0.05)betweenthesetwo percentages.

https://doi.org/10.1371/journal.pone.0217044.g002
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Discussion
Theaimof thisstudywasto comparebarbellkinematicsandmusclepatterningin free-weight
backsquattingwith differentloads,but with maximumlifting velocity,in youngmaleswith
resistancetraining experience.Averageandpeakupwardslifting velocitydecreased,while
upwardphaseduration increased,with eachincreasingload(Fig1).Timing of peakvelocity
occurredlaterwith eachincreasingpercentageof 1-RM.Thetiming of maximalmuscleactiva-
tionswasnot affectedby thedifferentloadingsfor thequadriceps,but thetiming was

Fig 3. Mean (SD) root mean square (RMS) EMG activity for each percentage of 1-RM during upward phase in

biceps femoris, semimembranosus, and gluteus maximus during free-weight back squats.! indicatesasignificant
difference(p� 0.05)betweenthispercentageandall percentagesawayfrom thesign.² indicatesasignificant
difference(p� 0.05)betweenthesetwo percentages.

https://doi.org/10.1371/journal.pone.0217044.g003
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sequentialandindependentof loading(rectusfemorisbeforevastusmedialbeforevastuslat-
eral).Themaximalactivationin thegluteusmaximusandsemitendinosusincreasedwith
increasingloads.In general,themuscleactivationin all musclesincreasedwith increasing
loadsbut wasnot linear.

With increasingloads,thebarbellvelocitydecreased,theupwardphaseduration increased,
andthepeakvelocityoccurredlater.Theresultswereashypothesizedandsupportedbyprevi-
ousstudies[9, 10].Theforce±velocityrelationshipdemonstratedin thepresentstudyisnot
surprisingandcouldbeexplainedby thelawsof Newton(F = m x a).Theaccelerationis then
theforcedividedby theweightslifted.With increasingloads,but with approximatelysimilar
maximalforcein eachlift (theparticipantswereinstructedto lift atmaximalintendedveloc-
ity), theaccelerationhadto decreasewith increasingloads.Thiscouldalsoexplaintheoccur-
renceof peakvelocitylaterin themovementwith increasingloads.With thelowestloads(30%
of 1-RM),thepeakvelocitywasobservedat60%of thebarbelldisplacementupwards,while
thepeakvelocitywith thehighestloads(1-RM) wasobservedat90%.With greaterloads,the

Fig 4. Relative time of occurrence of maximal RMS muscle activation at different percentages of 1-RM (30%–

100%) of free-weight back squats.! indicatesasignificantdifference(p� 0.05)betweenthispercentageandall
percentagesawayfrom thesignfor thismuscle.� indicatesasignificantdifference(p� 0.05)betweenthesetwo
musclesin orderof occurrence.

https://doi.org/10.1371/journal.pone.0217044.g004
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accelerationwaslowerin thebeginning,resultingin lowervelocityandlongerupwardphase
duration,whicheventuallyresultedin thepeakvelocityappearinglaterin themovementwith
increasingloads[28,29].Furthermore,with heavyload(> 85%of 1-RM)or fatigue,thestick-
ing regionoccurred,whichcausesalongerupwardphaseduration [12,15,16].In addition,
shorterleverarmsandmorecross-bridgesbetweencontractilefilamentslaterin themove-
mentsmayalsoexplainthekinematicsin thesefindings[30±33].

Therelationshipbetweenmuscleactivityandincreasingloadshasbeenshownto beclose
to linearin isometriccontractionandin dynamiccontraction[34,35].In thepresentstudy,
increasingmuscleactivationwasobservedwith increasingloadsbut wasnot linear.Forexam-
ple,therewereno differencesbetweenloads30%±90%of 1-RMin vastuslateral,40%±60%
and70%±90%in vastusmedial,and50%±90%in rectusfemoris.However,in thequadriceps,
greatermuscleactivationwasobservedperforming1-RMcomparedto theotherloads.For the
gluteusmaximus,greatermuscleactivationwasobservedfor theloads80%±100%of 1-RM,
but only comparedto theloads30%±60%of 1-RM.TheseresultscorroboratethosebyYavuz
andErdag[17] andGomesetal.[18], whoalsofound increasesin gluteusmaximusactivity
with increasingloads.Theresultsin vastuslateralwerein contrastto previousfindings.
Gomesetal.[18] reportedanincreasecomparing60%±90%of 1-RMloads,andYavuzand
Erdag[17] reportedincreasesin thevastusmedialbetween80%and90%of 1-RMloads.The
discrepancyin findingsin someof themuscleswith thesepreviousstudiescouldbetheresult
of experience(3 yearsvs.6 yearsof resistancetraining experience)andstrengthlevel(107and
120kgas1-RMcomparedwith 130kg in 1-RMin thepresentstudy).Onecouldspeculatethat
greaterperformancelevelin thepresentstudycouldberelatedto longertraining experience.
Thismight suggestabettermusclerecruitmentandfiring frequencystrategytestingthespec-
trum of differentloads[36,37]andexplaintheinconsistentresultscomparedto previousstud-
ies[17,18].

To theauthors'knowledge,this isoneof thefewstudiesexaminingmuscleactivationwith
increasingloadsin squatswheretheparticipantswereinstructedto lift atmaximalintended
velocityoveralargespectrumof loads.In comparison,CochraneandBarnes[38] examined
muscleactivationin deadliftwith 30%,40%,50%,and75%of 1-RMandalsofoundno differ-
encesbetweentheloadsin thebicepsfemorisor gluteusmaximus.In contrastto thepresent
study,Pinciveroetal.[35] examinedmuscleactivationin thequadricepsin kneeextension
with increasingloads(20%±90%of 1-RM) andfoundanearperfectlinearrelationship
betweenmuscleactivationandloading,whichwasalsoreportedduring isometriccontraction
in single-jointandmulti-joint exercisesin thequadriceps[34]. However,noneof thesestudies
examinedtheinfluenceof movementvelocity,whichmostlikely canexplainthecontradictory
findingsfrom thepresentstudy.However,thepresentstudycorroboratesresultsfoundby
McBrideetal.[4], whoexaminedvastuslateralactivationin squatsusing70%,80%,and90%
of 1-RM.Theparticipantswereinstructedto lift atmaximalintendedvelocity.Eventhough
theaimof thatstudywasnot to comparethemuscleactivationbetweenloads,thedifference
between70%and90%of 1-RMwasonly 1.3%.

For theantagonistbicepsfemorisandsemitendinosusin theupwardmovement,therewere
no differencesbetweentheloads60%±100%of 1-RM.Still, lifting 70%±100%of 1-RMdemon-
stratedgreatermuscleactivationthanthelowestload(30%of 1-RM).Theresultswerenot sur-
prisingin termsof hamstringmusclesbeinganantagonistin theupwardmovementand
thereforeto alesserextentbeingaffectedby theloading.To theauthors'knowledge,no previ-
ousstudieshaveexaminedtheantagonisticactivationin squatswith increasingloads.
Increasedmuscleactivationusingloadsabove70%of 1-RMmaybetheresultof co-contrac-
tion to stabilizethekneeandpelvisin theturnoverfrom eccentricto concentricmovement.
Thehamstringmusclescontributeto avoidingaforwardrotation of thepelvis.While an
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increasedactivationof therectusfemoriswould increasethehip flexortorque,theactivation
of thehamstringmaybeof moreimportanceastheloadsincreaseandlifting velocitydecreases
[39].

Thepresentstudyfoundasequentialandsignificantdifferencein maximalpeakactivation
betweenthequadricepsmusclesstartingwith rectusfemoris,vastusmedial,andthenvastus
lateral.Thepeakactivationpatternwasindependentof loadsandfairly constant(seeFig4).
Thepeakactivationoccurredatapproximately85Ê±103Êkneeflexion,asshownbyvanden
Tillaar [15]. ThefindingswerepartlysupportedbyapreviousstudybyEscamillaetal.[40].
Theydemonstratedapeakactivationatapproximately100Ê±110Êkneeflexionfor thequadri-
cepsmuscles,examining12-RMloadsamongexperiencedparticipants.However,the12-RM
loadswerelifted in aslowandcontinuousmanner(1±1.5secondsin theupwardphase),
whichmayexplaintheminor variationin peakactivation.YetEscamillaetal.[40] did not
reportanydifferencesin maximaltiming betweenthequadricepsmuscles.Thequadriceps
musclescomponentmayprovideadifferentcontribution to kneeextensortorquedueto their
anatomicalstructure[30,31].Forexample,therectusfemorishasabi-articularfunction asa
hip flexorandkneeextensor[39,41].Therectusfemorismaythereforebethefirst muscleto
activateto stabilizethehip. A latertiming of peakactivationmaytherebyincreasethetorque
of thehip.

Thegluteusmaximusdemonstrateddifferencesin thetiming of maximalactivation
between30%and50%of 1-RMandfrom 50%and90%of 1-RM.Thechangein timing may
betheresultof lowerlifting velocitywith increasingloads.Theparticipantsweremoredepen-
denton thecontributionsandcoordinationbetweenthedifferentprimemovers,in contrastto
lighter loadswheretheparticipantshadarapidaccelerationfrom thelowestposition.To the
bestof our knowledge,no previousstudyhasexaminedthetiming of gluteususingdifferent
loads.However,severalstudieshaveexaminedthepeakhamstringmuscles(bicepsfemoris
andsemitendinosus)andreportedthepeakto bebetween110Êand130Êkneeflexion[39,40].
Thefindingsof thepresentstudysupportthesepreviousstudies.However,thebicepsfemoris
demonstratedsimilarmaximaltiming acrosstheloads,whilethesemitendinosushadsignifi-
cantlatermaximaltiming between50%and80%of 1-RM.Greatercoactivationwith theheavi-
estloads(> 80%of 1-RM)mayavoidahip flexiontorquecausedby therectusfemoris
activationwith increasingloads[39,42].

A limitation of thepresentstudyis thatonly resistance-trainedmaleswereincluded,and
theresultsmaythereforenot begeneralizedto otherpopulations.Furthermore,thereisalways
arisk of crosstalk from nearbymusclesusingsurfaceEMG,whichtherebywouldgenerate
inaccuratemeasurements.Finally,thestudydid not includemeasurementsof peakor angle
velocityof theankle,knee,or hip, andno analysiswasperformedon differentpartsof the
upwardphase,whichcoulddemonstratedifferenttechniquestestingwith thedifferentloads.

Practical implications

Thepresentstudyincludedresistance-trained males,andtheresultsmaythereforenot begen-
eralizedto otherpopulations.Basedon thepresentstudy,resistance-trainedathletesmay
decreasetheloadsbut havesimilarmuscleactivitywhenlifting with maximallifting velocity.
Bydecreasingtheloads,themechanicalstressdecreasesandtime to recoveris reduced.Using
lowerloadswith maximallifting velocitymaythereforeallowathletesto increasethetotal vol-
umewithout increasingtherisk of injuries.With theexceptionof theheaviestload(1-RM),
theprimemovers(quadricepsandgluteusmaximus)havesimilarmuscleactivationsbetween
70%and90%of 1-RMandbetween40%and60%of 1-RM.Therefore,athletesandtrainers
couldvarytheloadingwithin theloadwindowsandexpectthesameeffect.This is important
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in regardto accommodatingathletes'preferences.Furthermore,theforcerequirementdiffers
during differenttasks/sports,andavariationin theloadingcouldhelpto dealwith this
differentiation.

Conclusions
With increasingload,averageandpeakupwardslifting velocitydecreased,whileupward
phaseduration increasedtogetherwith alateroccurrenceof peakvelocity.In general,similar
muscleactivationsin theprimemoverswereobservedfor loadsbetween40%and60%of
1-RMandbetween70%and90%of 1-RM,with 100%of 1-RMbeingsuperiorto theother
loadswhentheloadswerelifted atmaximalintendedvelocity.Thismeansthatmaximallifting
velocitymaycompensatefor increasedloads,whichmayallowresistance-trainedathletesand
thosein rehabilitation(resistance-trainedathletes)to avoidheavyloadsbut still getthesame
muscleactivation.
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