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ठ⃚ 2ठ⃚

ABSTRACTठ⃚27ठ⃚

Inठ⃚aठ⃚numberठ⃚ofठ⃚recentठ⃚studiesठ⃚weठ⃚usedठ⃚computerठ⃚modelingठ⃚toठ⃚investigateठ⃚theठ⃚evolutionठ⃚ofठ⃚28ठ⃚

muscleठ⃚leverageठ⃚(momentठ⃚arms)ठ⃚andठ⃚functionठ⃚inठ⃚extantठ⃚andठ⃚extinctठ⃚archosaurठ⃚lineagesठ⃚29ठ⃚

(crocodilians,ठ⃚dinosaursठ⃚includingठ⃚birdsठ⃚andठ⃚pterosaurs).ठ⃚Theseठ⃚studiesठ⃚soughtठ⃚toठ⃚quantifyठ⃚theठ⃚30ठ⃚

levelठ⃚ofठ⃚disparityठ⃚andठ⃚convergenceठ⃚inठ⃚muscleठ⃚momentठ⃚armsठ⃚duringठ⃚theठ⃚evolutionठ⃚ofठ⃚bipedalठ⃚31ठ⃚

andठ⃚quadrupedalठ⃚postureठ⃚inठ⃚variousठ⃚independentठ⃚archosaurठ⃚lineages,ठ⃚andठ⃚inठ⃚doingठ⃚soठ⃚furtherठ⃚32ठ⃚

ourठ⃚understandingठ⃚ofठ⃚changesठ⃚inठ⃚anatomy,ठ⃚locomotionठ⃚andठ⃚ecologyठ⃚duringठ⃚theठ⃚group9sठ⃚>250ठ⃚33ठ⃚

millionठ⃚yearठ⃚evolutionaryठ⃚history.ठ⃚Subsequentठ⃚workठ⃚byठ⃚othersठ⃚hasठ⃚ledठ⃚usठ⃚toठ⃚reૐ퀐evaluateठ⃚ourठ⃚34ठ⃚

models,ठ⃚whichठ⃚revealedठ⃚aठ⃚methodologicalठ⃚errorठ⃚thatठ⃚impactedठ⃚onठ⃚theठ⃚resultsठ⃚obtainedठ⃚fromठ⃚35ठ⃚

theठ⃚abductionૐ퀐adductionठ⃚andठ⃚longૐ퀐axisठ⃚rotationठ⃚momentठ⃚armsठ⃚inठ⃚ourठ⃚publishedठ⃚studies.ठ⃚Inठ⃚thisठ⃚36ठ⃚

paperठ⃚weठ⃚presentठ⃚correctedठ⃚abductionૐ퀐adductionठ⃚andठ⃚longठ⃚axisठ⃚rotationठ⃚momentठ⃚armsठ⃚forठ⃚allठ⃚37ठ⃚

ourठ⃚models,ठ⃚andठ⃚evaluateठ⃚theठ⃚impactठ⃚ofठ⃚thisठ⃚newठ⃚dataठ⃚onठ⃚theठ⃚conclusionsठ⃚ofठ⃚ourठ⃚previousठ⃚38ठ⃚

studies.ठ⃚Weठ⃚findठ⃚that,ठ⃚inठ⃚general,ठ⃚ourठ⃚newlyठ⃚correctedठ⃚dataठ⃚differedठ⃚onlyठ⃚slightlyठ⃚fromठ⃚thatठ⃚39ठ⃚

previouslyठ⃚published,ठ⃚withठ⃚veryठ⃚fewठ⃚qualitativeठ⃚changesठ⃚inठ⃚muscleठ⃚momentsठ⃚(e.g.ठ⃚musclesठ⃚40ठ⃚

originallyठ⃚identifiedठ⃚asठ⃚abductorsठ⃚remainedठ⃚abductors).ठ⃚Asठ⃚aठ⃚resultठ⃚theठ⃚majorityठ⃚ofठ⃚ourठ⃚41ठ⃚

previousठ⃚conclusionsठ⃚regardingठ⃚theठ⃚functionalठ⃚evolutionठ⃚ofठ⃚keyठ⃚musclesठ⃚inठ⃚theseठ⃚archosaurठ⃚42ठ⃚

groupsठ⃚areठ⃚upheld.ठ⃚ठ⃚43ठ⃚

ठ⃚44ठ⃚

INTRODUCTIONठ⃚45ठ⃚

Inठ⃚recentठ⃚yearsठ⃚mathematical3computationalठ⃚approachesठ⃚haveठ⃚becomeठ⃚anठ⃚increasinglyठ⃚46ठ⃚

popularठ⃚toolठ⃚forठ⃚studyingठ⃚theठ⃚functionalठ⃚anatomyठ⃚andठ⃚locomotorठ⃚biomechanicsठ⃚ofठ⃚extinctठ⃚47ठ⃚

animalsठ⃚(e.g.ठ⃚reviewsठ⃚inठ⃚Hutchinsonठ⃚&ठ⃚Allen,ठ⃚2009;ठ⃚Hutchinson,ठ⃚2011;ठ⃚Bates,ठ⃚2013;ठ⃚Maidmentठ⃚48ठ⃚

etठ⃚al.,ठ⃚2014).ठ⃚Modelingठ⃚methodsठ⃚areठ⃚particularlyठ⃚importantठ⃚becauseठ⃚theyठ⃚allowठ⃚theठ⃚functionठ⃚ofठ⃚49ठ⃚

uniqueठ⃚morphologicalठ⃚structuresठ⃚seenठ⃚inठ⃚extinctठ⃚animalsठ⃚toठ⃚beठ⃚investigatedठ⃚directly,ठ⃚withoutठ⃚50ठ⃚

needठ⃚forठ⃚referenceठ⃚toठ⃚analogousठ⃚livingठ⃚taxaठ⃚(Batesठ⃚etठ⃚al.,ठ⃚2010).ठ⃚Thisठ⃚isठ⃚particularlyठ⃚appealingठ⃚51ठ⃚

inठ⃚theठ⃚caseठ⃚ofठ⃚animalsठ⃚suchठ⃚asठ⃚nonૐ퀐avianठ⃚dinosaursठ⃚thatठ⃚lackठ⃚directठ⃚morphoૐ퀐functionalठ⃚52ठ⃚
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ठ⃚ 3ठ⃚

analoguesठ⃚amongठ⃚livingठ⃚animalsठ⃚(Hutchinsonठ⃚&ठ⃚Allen,ठ⃚2009;ठ⃚Hutchinson,ठ⃚2011).ठ⃚Forठ⃚thisठ⃚53ठ⃚

reason,ठ⃚suchठ⃚computationalठ⃚approachesठ⃚haveठ⃚beenठ⃚appliedठ⃚extensivelyठ⃚toठ⃚nonૐ퀐avianठ⃚54ठ⃚

dinosaurs,ठ⃚whichठ⃚possessedठ⃚bodyठ⃚shapes,ठ⃚sizesठ⃚andठ⃚skeletalठ⃚morphologiesठ⃚dissimilarठ⃚toठ⃚thoseठ⃚55ठ⃚

ofठ⃚extantठ⃚terrestrialठ⃚vertebratesठ⃚(Hutchinsonठ⃚&ठ⃚Allen,ठ⃚2009;ठ⃚Maidmentठ⃚etठ⃚al.,ठ⃚2014).ठ⃚Dinosaursठ⃚56ठ⃚

radiatedठ⃚intoठ⃚aठ⃚diverseठ⃚arrayठ⃚ofठ⃚bodyठ⃚shapesठ⃚andठ⃚sizesठ⃚duringठ⃚theirठ⃚longठ⃚(>150ठ⃚millionठ⃚year)ठ⃚57ठ⃚

evolutionaryठ⃚history,ठ⃚and,ठ⃚forठ⃚example,ठ⃚underwentठ⃚severalठ⃚evolutionaryठ⃚transitionsठ⃚betweenठ⃚58ठ⃚

obligateठ⃚bipedalismठ⃚andठ⃚quadrupedalismठ⃚(e.g.ठ⃚Maidmentठ⃚&ठ⃚Barrett,ठ⃚2012,ठ⃚2014).ठ⃚Livingठ⃚birdsठ⃚59ठ⃚

areठ⃚theठ⃚directठ⃚descendantsठ⃚ofठ⃚theropodठ⃚dinosaursठ⃚andठ⃚thusठ⃚theठ⃚fossilठ⃚recordठ⃚ofठ⃚thisठ⃚groupठ⃚60ठ⃚

providesठ⃚directठ⃚evidenceठ⃚ofठ⃚theठ⃚morphologicalठ⃚andठ⃚potentialठ⃚functionalठ⃚changesठ⃚thatठ⃚occurredठ⃚61ठ⃚

duringठ⃚theठ⃚evolutionठ⃚ofठ⃚theirठ⃚terrestrial,ठ⃚aerialठ⃚andठ⃚aquaticठ⃚stylesठ⃚ofठ⃚locomotionठ⃚(e.g.ठ⃚62ठ⃚

Hutchinsonठ⃚&ठ⃚Allen,ठ⃚2009;ठ⃚Allenठ⃚etठ⃚al.,ठ⃚2013).ठ⃚63ठ⃚

ठ⃚ Inठ⃚severalठ⃚recentठ⃚studiesठ⃚(Batesठ⃚&ठ⃚Schachner,ठ⃚2012;ठ⃚Batesठ⃚etठ⃚al.,ठ⃚2012;ठ⃚Maidmentठ⃚etठ⃚al.,ठ⃚64ठ⃚

2014;ठ⃚Maidment,ठ⃚Batesठ⃚&ठ⃚Barrett,ठ⃚2014)ठ⃚weठ⃚usedठ⃚computerठ⃚modelingठ⃚toठ⃚investigateठ⃚theठ⃚65ठ⃚

evolutionठ⃚ofठ⃚muscleठ⃚leverageठ⃚(momentठ⃚arms)ठ⃚andठ⃚functionठ⃚inठ⃚variousठ⃚archosaurठ⃚lineages.ठ⃚66ठ⃚

Specifically,ठ⃚weठ⃚soughtठ⃚toठ⃚quantifyठ⃚theठ⃚levelठ⃚ofठ⃚disparityठ⃚andठ⃚convergenceठ⃚inठ⃚muscleठ⃚momentठ⃚67ठ⃚

armsठ⃚amongठ⃚bipedalठ⃚archosaurs,ठ⃚namelyठ⃚poposauridsठ⃚(bipedalठ⃚crurotarsans)ठ⃚andठ⃚variousठ⃚68ठ⃚

ornithischiansठ⃚andठ⃚nonૐ퀐avianठ⃚theropods,ठ⃚andठ⃚toठ⃚drawठ⃚inferencesठ⃚onठ⃚howठ⃚muscleठ⃚leverageठ⃚andठ⃚69ठ⃚

recruitmentठ⃚duringठ⃚gaitठ⃚mayठ⃚haveठ⃚changedठ⃚duringठ⃚theठ⃚evolutionठ⃚ofठ⃚theठ⃚flexedठ⃚femoralठ⃚posturesठ⃚70ठ⃚

andठ⃚rotationૐ퀐basedठ⃚modeठ⃚ofठ⃚lateralठ⃚limbठ⃚supportठ⃚characteristicठ⃚ofठ⃚extantठ⃚birdsठ⃚(Batesठ⃚&ठ⃚71ठ⃚

Schachner,ठ⃚2012;ठ⃚Batesठ⃚etठ⃚al.,ठ⃚2012).ठ⃚Inठ⃚furtherठ⃚workठ⃚weठ⃚employedठ⃚theठ⃚sameठ⃚modelingठ⃚72ठ⃚

approachठ⃚toठ⃚examineठ⃚changesठ⃚inठ⃚muscleठ⃚momentठ⃚armsठ⃚duringठ⃚ornithischianठ⃚evolution,ठ⃚withठ⃚aठ⃚73ठ⃚

particularठ⃚focusठ⃚onठ⃚theठ⃚evolutionठ⃚ofठ⃚quadrupedalityठ⃚withinठ⃚theठ⃚groupठ⃚(Maidmentठ⃚etठ⃚al.,ठ⃚2014;ठ⃚74ठ⃚

Maidment,ठ⃚Batesठ⃚&ठ⃚Barrett,ठ⃚2014).ठ⃚Ornithischianठ⃚dinosaursठ⃚wereठ⃚primitivelyठ⃚bipedalठ⃚withठ⃚75ठ⃚

forelimbsठ⃚modifiedठ⃚forठ⃚grasping,ठ⃚butठ⃚quadrupedalismठ⃚evolvedठ⃚inठ⃚theठ⃚cladeठ⃚onठ⃚atठ⃚leastठ⃚threeठ⃚76ठ⃚

independentठ⃚occasionsठ⃚(Maidmentठ⃚&ठ⃚Barrett,ठ⃚2012).ठ⃚Byठ⃚buildingठ⃚andठ⃚analyzingठ⃚modelsठ⃚ofठ⃚77ठ⃚
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ठ⃚ 4ठ⃚

eightठ⃚exemplarठ⃚ornithischianठ⃚taxaठ⃚weठ⃚wereठ⃚ableठ⃚toठ⃚quantifyठ⃚similaritiesठ⃚andठ⃚differencesठ⃚amongठ⃚78ठ⃚

individualठ⃚taxa,ठ⃚betweenठ⃚quadrupedalठ⃚andठ⃚bipedalठ⃚taxa,ठ⃚andठ⃚amongठ⃚taxaठ⃚representingठ⃚theठ⃚79ठ⃚

threeठ⃚majorठ⃚ornithischianठ⃚lineagesठ⃚(Thyreophora,ठ⃚Ornithopoda,ठ⃚Marginocephalia).ठ⃚80ठ⃚

ठ⃚ Recently,ठ⃚Hutchinsonठ⃚etठ⃚al.ठ⃚(2014)ठ⃚comparedठ⃚momentठ⃚armठ⃚predictionsठ⃚fromठ⃚ourठ⃚ostrichठ⃚81ठ⃚

musculoskeletalठ⃚modelठ⃚(Batesठ⃚&ठ⃚Schachner,ठ⃚2012;ठ⃚Batesठ⃚etठ⃚al.,ठ⃚2012)ठ⃚toठ⃚theirठ⃚ownठ⃚model,ठ⃚82ठ⃚

whichठ⃚wasठ⃚developedठ⃚usingठ⃚aठ⃚moreठ⃚exhaustiveठ⃚experimentalठ⃚protocol.ठ⃚Thisठ⃚studyठ⃚foundठ⃚aठ⃚83ठ⃚

strongठ⃚matchठ⃚betweenठ⃚theठ⃚flexionૐ퀐extensionठ⃚momentठ⃚armsठ⃚ofठ⃚theठ⃚twoठ⃚models,ठ⃚butठ⃚notedठ⃚84ठ⃚

systematicठ⃚differencesठ⃚betweenठ⃚theठ⃚abductionૐ퀐adductionठ⃚andठ⃚longठ⃚axisठ⃚rotationठ⃚momentठ⃚armsठ⃚85ठ⃚

ofठ⃚someठ⃚hipठ⃚musclesठ⃚(Hutchinsonठ⃚etठ⃚al.,ठ⃚2014).ठ⃚Reૐ퀐inspectionठ⃚ofठ⃚ourठ⃚modelsठ⃚hasठ⃚revealedठ⃚thatठ⃚86ठ⃚

theseठ⃚differencesठ⃚areठ⃚dueठ⃚toठ⃚aठ⃚codingठ⃚error,ठ⃚oneठ⃚thatठ⃚isठ⃚presentठ⃚inठ⃚allठ⃚ofठ⃚ourठ⃚publishedठ⃚modelsठ⃚87ठ⃚

(Batesठ⃚&ठ⃚Schachner,ठ⃚2012;ठ⃚Batesठ⃚etठ⃚al.,ठ⃚2012;ठ⃚Maidmentठ⃚etठ⃚al.,ठ⃚2014;ठ⃚Maidment,ठ⃚Batesठ⃚&ठ⃚88ठ⃚

Barrett,ठ⃚2014).ठ⃚Theठ⃚errorठ⃚relatesठ⃚toठ⃚theठ⃚specificationठ⃚ofठ⃚jointठ⃚axesठ⃚inठ⃚theठ⃚models:ठ⃚asठ⃚theठ⃚postureठ⃚89ठ⃚

ofठ⃚theठ⃚modelsठ⃚wereठ⃚modifiedठ⃚toठ⃚outputठ⃚momentठ⃚armsठ⃚acrossठ⃚aठ⃚rangeठ⃚ofठ⃚hipठ⃚jointठ⃚angles,ठ⃚theठ⃚90ठ⃚

axesठ⃚ofठ⃚theठ⃚hipठ⃚jointठ⃚remainedठ⃚inठ⃚itsठ⃚initialठ⃚orientationठ⃚ratherठ⃚thanठ⃚rotatingठ⃚withठ⃚theठ⃚femoralठ⃚91ठ⃚

segmentठ⃚andठ⃚kneeठ⃚jointठ⃚ofठ⃚theठ⃚models.ठ⃚Thusठ⃚theठ⃚abductionૐ퀐adductionठ⃚andठ⃚longठ⃚axisठ⃚rotationठ⃚92ठ⃚

dataठ⃚presentedठ⃚inठ⃚ourठ⃚previousठ⃚studyठ⃚representsठ⃚muscleठ⃚momentठ⃚armsठ⃚calculatedठ⃚aboutठ⃚93ठ⃚

anatomicallyठ⃚andठ⃚functionallyठ⃚inappropriateठ⃚axes.ठ⃚Hutchinsonठ⃚etठ⃚al.ठ⃚(inठ⃚press)ठ⃚subsequentlyठ⃚94ठ⃚

comparedठ⃚theirठ⃚dataठ⃚toठ⃚ourठ⃚correctedठ⃚abductionૐ퀐adductionठ⃚andठ⃚longठ⃚axisठ⃚rotationठ⃚andठ⃚foundठ⃚aठ⃚95ठ⃚

muchठ⃚strongerठ⃚agreementठ⃚betweenठ⃚theठ⃚models.ठ⃚96ठ⃚

ठ⃚ Theठ⃚purposeठ⃚ofठ⃚thisठ⃚paperठ⃚isठ⃚toठ⃚presentठ⃚correctedठ⃚abductionૐ퀐adductionठ⃚andठ⃚longठ⃚axisठ⃚97ठ⃚

rotationठ⃚momentठ⃚armsठ⃚forठ⃚allठ⃚ourठ⃚models,ठ⃚andठ⃚toठ⃚evaluateठ⃚theठ⃚impactठ⃚ofठ⃚thisठ⃚newठ⃚dataठ⃚onठ⃚theठ⃚98ठ⃚

conclusionsठ⃚ofठ⃚ourठ⃚previousठ⃚studiesठ⃚(Batesठ⃚&ठ⃚Schachner,ठ⃚2012;ठ⃚Batesठ⃚etठ⃚al.,ठ⃚2012;ठ⃚Maidmentठ⃚etठ⃚99ठ⃚

al.,ठ⃚2014;ठ⃚Maidment,ठ⃚Batesठ⃚&ठ⃚Barrett,ठ⃚2014).ठ⃚100ठ⃚

ठ⃚101ठ⃚

ठ⃚102ठ⃚
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ठ⃚ 5ठ⃚

MATERIALSठ⃚ANDठ⃚METHODSठ⃚103ठ⃚

Ourठ⃚protocolठ⃚followsठ⃚ourठ⃚previousठ⃚studiesठ⃚exactly,ठ⃚apartठ⃚fromठ⃚theठ⃚necessaryठ⃚correctionठ⃚madeठ⃚104ठ⃚

toठ⃚theठ⃚hipठ⃚jointठ⃚axes.ठ⃚Weठ⃚recommendठ⃚Batesठ⃚etठ⃚al.ठ⃚(2012)ठ⃚andठ⃚Maidmentठ⃚etठ⃚al.ठ⃚(2014)ठ⃚forठ⃚105ठ⃚

detailedठ⃚descriptionsठ⃚ofठ⃚ourठ⃚priorठ⃚methodology.ठ⃚106ठ⃚

ठ⃚107ठ⃚

RESULTSठ⃚ANDठ⃚DISCUSSIONठ⃚108ठ⃚

Allठ⃚correctedठ⃚momentठ⃚armठ⃚dataठ⃚forठ⃚hipठ⃚abductionૐ퀐adductionठ⃚andठ⃚longठ⃚axisठ⃚rotationठ⃚areठ⃚109ठ⃚

tabulatedठ⃚inठ⃚theठ⃚supplementaryठ⃚material.ठ⃚Inठ⃚generalठ⃚ourठ⃚newठ⃚correctedठ⃚dataठ⃚differठ⃚onlyठ⃚110ठ⃚

slightlyठ⃚fromठ⃚ourठ⃚originalठ⃚data,ठ⃚andठ⃚thereठ⃚wereठ⃚veryठ⃚fewठ⃚qualitativeठ⃚changesठ⃚inठ⃚muscleठ⃚111ठ⃚

momentsठ⃚(e.g.ठ⃚musclesठ⃚originallyठ⃚identifiedठ⃚asठ⃚abductorsठ⃚remainedठ⃚abductors).ठ⃚Ratherठ⃚thanठ⃚112ठ⃚

describeठ⃚everyठ⃚quantitativeठ⃚changeठ⃚inठ⃚momentठ⃚armठ⃚valuesठ⃚weठ⃚focusठ⃚onठ⃚theठ⃚musclesठ⃚relevantठ⃚toठ⃚113ठ⃚

theठ⃚hypothesesठ⃚andठ⃚conclusionsठ⃚inठ⃚eachठ⃚ofठ⃚ourठ⃚previousठ⃚studies.ठ⃚Forठ⃚clarityठ⃚weठ⃚addressठ⃚eachठ⃚114ठ⃚

studyठ⃚individuallyठ⃚inठ⃚theठ⃚followingठ⃚sections.ठ⃚115ठ⃚

ठ⃚116ठ⃚

Batesठ⃚&ठ⃚Schachnerठ⃚(2012)ठ⃚117ठ⃚

Theठ⃚majorityठ⃚ofठ⃚theठ⃚functionalठ⃚andठ⃚evolutionaryठ⃚conclusionsठ⃚drawnठ⃚byठ⃚Batesठ⃚&ठ⃚Schachnerठ⃚118ठ⃚

(2012)ठ⃚areठ⃚upheldठ⃚becauseठ⃚theठ⃚correctedठ⃚momentठ⃚armठ⃚magnitudesठ⃚differठ⃚onlyठ⃚slightlyठ⃚fromठ⃚119ठ⃚

ourठ⃚publishedठ⃚values,ठ⃚andठ⃚becauseठ⃚theठ⃚correctionठ⃚tendsठ⃚toठ⃚affectठ⃚allठ⃚taxaठ⃚equallyठ⃚and,ठ⃚120ठ⃚

therefore,ठ⃚theठ⃚relativeठ⃚differencesठ⃚andठ⃚similaritiesठ⃚betweenठ⃚theठ⃚modelsठ⃚haveठ⃚beenठ⃚preservedठ⃚121ठ⃚

(Figureठ⃚1).ठ⃚122ठ⃚

Batesठ⃚&ठ⃚Schacherठ⃚(2012)ठ⃚concludedठ⃚thatठ⃚muscleठ⃚momentठ⃚armठ⃚polaritiesठ⃚andठ⃚jointठ⃚angleठ⃚123ठ⃚

relationshipsठ⃚inठ⃚keyठ⃚hipठ⃚muscleठ⃚groupsठ⃚(Hutchinsonठ⃚&ठ⃚Gatesy,ठ⃚2000)ठ⃚areठ⃚generallyठ⃚124ठ⃚

conservativeठ⃚despiteठ⃚theठ⃚shiftsठ⃚inठ⃚skeletalठ⃚architecture,ठ⃚posture,ठ⃚bodyठ⃚sizeठ⃚andठ⃚locomotorठ⃚125ठ⃚

behaviourठ⃚coveredठ⃚byठ⃚ourठ⃚sampledठ⃚taxa.ठ⃚Thisठ⃚suggestsठ⃚thatठ⃚muscleठ⃚originsठ⃚andठ⃚insertionsठ⃚126ठ⃚

remainedठ⃚relativelyठ⃚stableठ⃚withठ⃚respectठ⃚toठ⃚theठ⃚hipठ⃚jointठ⃚acrossठ⃚Archosauria.ठ⃚Thisठ⃚conclusionठ⃚isठ⃚127ठ⃚

supportedठ⃚byठ⃚ourठ⃚correctedठ⃚dataठ⃚(Figureठ⃚1).ठ⃚Functionalठ⃚interpretationsठ⃚regardingठ⃚specificठ⃚keyठ⃚128ठ⃚
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ठ⃚ 6ठ⃚

muscles,ठ⃚notablyठ⃚theठ⃚iliofemoralisठ⃚(IF)ठ⃚andठ⃚puboischiofemoralisठ⃚externusठ⃚(PIFE),ठ⃚alsoठ⃚retainठ⃚129ठ⃚

theirठ⃚support.ठ⃚Specifically,ठ⃚theठ⃚cranialठ⃚portionठ⃚ofठ⃚theठ⃚IFठ⃚groupठ⃚hasठ⃚aठ⃚muchठ⃚largerठ⃚medialठ⃚130ठ⃚

rotationठ⃚momentठ⃚armठ⃚inठ⃚theठ⃚ostrichठ⃚(Figureठ⃚1d),ठ⃚whileठ⃚PIFE1ठ⃚andठ⃚2ठ⃚extendठ⃚theठ⃚hipठ⃚andठ⃚rotateठ⃚131ठ⃚

theठ⃚femurठ⃚laterallyठ⃚inठ⃚theठ⃚ostrich,ठ⃚butठ⃚areठ⃚hipठ⃚flexorsठ⃚andठ⃚medialठ⃚rotatorsठ⃚inठ⃚allठ⃚otherठ⃚taxaठ⃚132ठ⃚

(Figureठ⃚1e).ठ⃚Ourठ⃚summaryठ⃚observationsठ⃚thatठ⃚abduction3adductionठ⃚andठ⃚longૐ퀐axisठ⃚rotationठ⃚133ठ⃚

momentठ⃚armsठ⃚areठ⃚consistentlyठ⃚lowठ⃚inठ⃚Poposaurus,ठ⃚whereasठ⃚adductionठ⃚momentठ⃚armsठ⃚areठ⃚134ठ⃚

generallyठ⃚lowठ⃚inठ⃚theठ⃚ostrichठ⃚butठ⃚highठ⃚inठ⃚Alligatorठ⃚(Figuresठ⃚1ૐ퀐2)ठ⃚areठ⃚stillठ⃚supported.ठ⃚However,ठ⃚135ठ⃚

twoठ⃚changesठ⃚areठ⃚notable,ठ⃚althoughठ⃚neitherठ⃚impactsठ⃚theठ⃚mainठ⃚conclusionsठ⃚ofठ⃚ourठ⃚previousठ⃚136ठ⃚

study.ठ⃚Previously,ठ⃚theठ⃚caudofemoralisठ⃚brevisठ⃚(CFB)ठ⃚muscleठ⃚wasठ⃚consideredठ⃚aठ⃚femoralठ⃚abductorठ⃚137ठ⃚

inठ⃚Poposaurus,ठ⃚butठ⃚anठ⃚adductorठ⃚inठ⃚allठ⃚otherठ⃚taxaठ⃚(Figureठ⃚3bठ⃚inठ⃚Batesठ⃚&ठ⃚Schachner,ठ⃚2012).ठ⃚Ourठ⃚138ठ⃚

correctedठ⃚dataठ⃚showsठ⃚thatठ⃚whileठ⃚CFBठ⃚remainsठ⃚anठ⃚obligatoryठ⃚abductorठ⃚inठ⃚Poposaurus,ठ⃚itsठ⃚139ठ⃚

functionठ⃚changesठ⃚withठ⃚jointठ⃚angleठ⃚inठ⃚allठ⃚otherठ⃚models,ठ⃚suchठ⃚thatठ⃚thisठ⃚muscleठ⃚exertsठ⃚anठ⃚abductorठ⃚140ठ⃚

momentठ⃚atठ⃚flexedठ⃚posturesठ⃚andठ⃚anठ⃚adductorठ⃚momentठ⃚atठ⃚extendedठ⃚posturesठ⃚(Figureठ⃚1b).ठ⃚Theठ⃚141ठ⃚

otherठ⃚notableठ⃚changeठ⃚isठ⃚theठ⃚overallठ⃚reductionठ⃚inठ⃚medialठ⃚longठ⃚axisठ⃚rotationठ⃚momentठ⃚armsठ⃚inठ⃚theठ⃚142ठ⃚

Alligatorठ⃚model,ठ⃚whichठ⃚haveठ⃚droppedठ⃚belowठ⃚theठ⃚magnitudesठ⃚predictedठ⃚forठ⃚Poposaurusठ⃚(Figureठ⃚143ठ⃚

2).ठ⃚144ठ⃚

ठ⃚145ठ⃚

Batesठ⃚etठ⃚al.ठ⃚(2012)ठ⃚146ठ⃚

Inठ⃚thisठ⃚studyठ⃚weठ⃚firstठ⃚presentedठ⃚detailedठ⃚analysesठ⃚ofठ⃚muscleठ⃚momentठ⃚armsठ⃚inठ⃚theठ⃚basal,ठ⃚bipedalठ⃚147ठ⃚

ornithischianठ⃚dinosaurठ⃚Lesothosaurus,ठ⃚andठ⃚subsequentlyठ⃚comparedठ⃚theseठ⃚dataठ⃚toठ⃚aठ⃚rangeठ⃚ofठ⃚148ठ⃚

otherठ⃚dinosaursठ⃚(modelsठ⃚fromठ⃚Batesठ⃚&ठ⃚Schachner,ठ⃚[2012]).ठ⃚Weठ⃚followठ⃚theठ⃚sameठ⃚protocolठ⃚here,ठ⃚149ठ⃚

firstठ⃚highlightingठ⃚changesठ⃚toठ⃚ourठ⃚Lesothosaurusठ⃚model,ठ⃚andठ⃚thenठ⃚discussingठ⃚changesठ⃚toठ⃚ourठ⃚150ठ⃚

comparativeठ⃚analysis.ठ⃚151ठ⃚

ठ⃚ Correctionsठ⃚toठ⃚ourठ⃚originalठ⃚analysesठ⃚indicateठ⃚thatठ⃚severalठ⃚musclesठ⃚inठ⃚Lesothosaurusठ⃚152ठ⃚

incurठ⃚minorठ⃚changesठ⃚inठ⃚abductionૐ퀐adductionठ⃚momentठ⃚arms.ठ⃚Theठ⃚caudofemoralisठ⃚longusठ⃚(CFL)ठ⃚153ठ⃚

andठ⃚ischotrochantericusठ⃚musclesठ⃚(ISTR)ठ⃚andठ⃚PIFEठ⃚groupठ⃚wereठ⃚previouslyठ⃚foundठ⃚toठ⃚maintainठ⃚154ठ⃚
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ठ⃚ 7ठ⃚

adductionठ⃚momentठ⃚armsठ⃚acrossठ⃚theठ⃚rangeठ⃚ofठ⃚posturesठ⃚testedठ⃚(Figuresठ⃚4&5ठ⃚inठ⃚Batesठ⃚etठ⃚al.ठ⃚155ठ⃚

[2012]).ठ⃚Ourठ⃚correctedठ⃚dataठ⃚suggestठ⃚thatठ⃚theseठ⃚musclesठ⃚exertedठ⃚anठ⃚adductionठ⃚momentठ⃚atठ⃚156ठ⃚

extendedठ⃚postures,ठ⃚butठ⃚switchedठ⃚toठ⃚anठ⃚abductionठ⃚momentठ⃚atठ⃚flexedठ⃚posturesठ⃚(Figureठ⃚3ૐ퀐4;ठ⃚butठ⃚157ठ⃚

seeठ⃚Batesठ⃚etठ⃚al.ठ⃚[2012]ठ⃚forठ⃚discussionठ⃚ofठ⃚uncertaintyठ⃚inठ⃚predictionsठ⃚forठ⃚PIFEठ⃚andठ⃚ISTRठ⃚muscles).ठ⃚158ठ⃚

Previously,ठ⃚theठ⃚puboischiofemoralisठ⃚internusठ⃚2ठ⃚(PIFI2)ठ⃚muscleठ⃚wasठ⃚foundठ⃚toठ⃚beठ⃚anठ⃚abductorठ⃚159ठ⃚

(Figureठ⃚5ठ⃚inठ⃚Batesठ⃚etठ⃚al.,ठ⃚[2012]),ठ⃚butठ⃚nowठ⃚itठ⃚switchesठ⃚fromठ⃚anठ⃚abductionठ⃚momentठ⃚atठ⃚extendedठ⃚160ठ⃚

posturesठ⃚toठ⃚exertठ⃚aठ⃚veryठ⃚weakठ⃚adductionठ⃚momentठ⃚atठ⃚flexedठ⃚femoralठ⃚posturesठ⃚(Figureठ⃚4).ठ⃚Theठ⃚161ठ⃚

angularठ⃚dependencyठ⃚ofठ⃚cranialठ⃚portionठ⃚ofठ⃚theठ⃚IFठ⃚groupठ⃚isठ⃚alsoठ⃚reversedठ⃚inठ⃚ourठ⃚correctedठ⃚data:ठ⃚162ठ⃚

theठ⃚muscleठ⃚isठ⃚nowठ⃚predictedठ⃚toठ⃚beठ⃚aठ⃚weakठ⃚adductorठ⃚atठ⃚flexedठ⃚posturesठ⃚andठ⃚aठ⃚weakठ⃚abductorठ⃚atठ⃚163ठ⃚

extendedठ⃚posturesठ⃚(Figureठ⃚3).ठ⃚ठ⃚164ठ⃚

ठ⃚ Modestठ⃚changesठ⃚toठ⃚femoralठ⃚longठ⃚axisठ⃚rotationठ⃚momentठ⃚armsठ⃚inठ⃚theठ⃚Lesothosaurusठ⃚modelठ⃚165ठ⃚

wereठ⃚alsoठ⃚found.ठ⃚Theठ⃚longठ⃚axisठ⃚rotationठ⃚momentठ⃚armsठ⃚ofठ⃚theठ⃚adductorठ⃚femorisठ⃚(ADD1ठ⃚andठ⃚166ठ⃚

ADD2)ठ⃚musclesठ⃚nowठ⃚showठ⃚onlyठ⃚veryठ⃚modestठ⃚posturalठ⃚dependencyठ⃚(Figureठ⃚4),ठ⃚asठ⃚doesठ⃚theठ⃚167ठ⃚

PIFI1ठ⃚muscleठ⃚(Figureठ⃚3)ठ⃚andठ⃚cranialठ⃚portionठ⃚ofठ⃚theठ⃚iliotibialisठ⃚groupठ⃚(ITBa,ठ⃚orठ⃚IT1ठ⃚inठ⃚otherठ⃚168ठ⃚

studies),ठ⃚whichठ⃚areठ⃚nowठ⃚foundठ⃚toठ⃚beठ⃚medialठ⃚rotatorsठ⃚atठ⃚allठ⃚hipठ⃚jointठ⃚anglesठ⃚testedठ⃚(Figureठ⃚4).ठ⃚169ठ⃚

Threeठ⃚musclesठ⃚incurredठ⃚reversalsठ⃚inठ⃚theठ⃚angularठ⃚orठ⃚posturalठ⃚dependencyठ⃚ofठ⃚theirठ⃚longठ⃚axisठ⃚170ठ⃚

rotationठ⃚momentठ⃚arms.ठ⃚Theठ⃚femorotibialisठ⃚externusठ⃚(FTE)ठ⃚andठ⃚caudalठ⃚portionठ⃚ofठ⃚iliotibialisठ⃚171ठ⃚

groupठ⃚(ITBp)ठ⃚musclesठ⃚areठ⃚nowठ⃚foundठ⃚toठ⃚beठ⃚weakठ⃚medialठ⃚rotatorsठ⃚atठ⃚flexedठ⃚posturesठ⃚andठ⃚weakठ⃚172ठ⃚

lateralठ⃚rotatorsठ⃚atठ⃚extendedठ⃚posturesठ⃚(Figuresठ⃚3ૐ퀐4).ठ⃚Theठ⃚caudalठ⃚portionठ⃚ofठ⃚theठ⃚IFठ⃚groupठ⃚isठ⃚nowठ⃚173ठ⃚

foundठ⃚toठ⃚beठ⃚aठ⃚weakठ⃚lateralठ⃚rotatorठ⃚atठ⃚flexedठ⃚postures,ठ⃚withठ⃚anठ⃚increasinglyठ⃚largerठ⃚lateralठ⃚174ठ⃚

rotationठ⃚momentठ⃚armठ⃚asठ⃚theठ⃚hipठ⃚isठ⃚extendedठ⃚(Figureठ⃚4).ठ⃚175ठ⃚

ठ⃚ Inठ⃚ourठ⃚comparativeठ⃚analysisठ⃚weठ⃚madeठ⃚aठ⃚numberठ⃚ofठ⃚statementsठ⃚regardingठ⃚comparativeठ⃚176ठ⃚

trendsठ⃚inठ⃚ourठ⃚momentठ⃚armठ⃚data.ठ⃚Weठ⃚statedठ⃚thatठ⃚summedठ⃚adductorठ⃚momentठ⃚armsठ⃚decreasedठ⃚177ठ⃚

slightlyठ⃚withठ⃚hipठ⃚flexionठ⃚(Figureठ⃚6cठ⃚inठ⃚Batesठ⃚etठ⃚al.,ठ⃚[2012])ठ⃚inठ⃚allठ⃚nonૐ퀐avianठ⃚dinosaurs,ठ⃚whileठ⃚178ठ⃚

summedठ⃚abductorठ⃚momentठ⃚armsठ⃚increasedठ⃚slightlyठ⃚withठ⃚hipठ⃚extensionठ⃚(basedठ⃚onठ⃚Figureठ⃚6dठ⃚inठ⃚179ठ⃚

Batesठ⃚etठ⃚al.,ठ⃚[2012]).ठ⃚Adductionठ⃚momentठ⃚armsठ⃚remainedठ⃚relativelyठ⃚unaffectedठ⃚byठ⃚ourठ⃚correctedठ⃚180ठ⃚
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ठ⃚ 8ठ⃚

jointठ⃚axes,ठ⃚althoughठ⃚abductionठ⃚momentठ⃚armsठ⃚nowठ⃚tendठ⃚toठ⃚decreaseठ⃚withठ⃚increasingठ⃚hipठ⃚181ठ⃚

extensionठ⃚(Figureठ⃚5).ठ⃚Ourठ⃚conclusionठ⃚thatठ⃚Lesothosaurusठ⃚andठ⃚theठ⃚ostrichठ⃚hadठ⃚lowठ⃚summedठ⃚182ठ⃚

momentठ⃚armsठ⃚forठ⃚adduction,ठ⃚whileठ⃚thoseठ⃚ofठ⃚Struthiomimusठ⃚andठ⃚Allosaurusठ⃚wereठ⃚higherठ⃚(Figureठ⃚183ठ⃚

6cठ⃚inठ⃚Batesठ⃚etठ⃚al.,ठ⃚[2012])ठ⃚remainsठ⃚valid,ठ⃚asठ⃚doesठ⃚ourठ⃚inferenceठ⃚thatठ⃚Lesothosaurusठ⃚hadठ⃚theठ⃚184ठ⃚

lowestठ⃚summedठ⃚abductorठ⃚momentठ⃚arms,ठ⃚withठ⃚nonૐ퀐avianठ⃚theropodsठ⃚exhibitingठ⃚intermediateठ⃚185ठ⃚

summedठ⃚abductorठ⃚momentठ⃚arms,ठ⃚andठ⃚theठ⃚ostrichठ⃚showingठ⃚theठ⃚highestठ⃚valuesठ⃚(Figureठ⃚6cૐ퀐dठ⃚inठ⃚186ठ⃚

Batesठ⃚etठ⃚al.ठ⃚[2012];ठ⃚Figureठ⃚5).ठ⃚Weठ⃚previouslyठ⃚statedठ⃚thatठ⃚summedठ⃚momentठ⃚armsठ⃚forठ⃚bothठ⃚187ठ⃚

adductionठ⃚andठ⃚abductionठ⃚decreasedठ⃚slightlyठ⃚withठ⃚hipठ⃚flexionठ⃚inठ⃚theठ⃚ostrichठ⃚modelठ⃚(basedठ⃚onठ⃚188ठ⃚

Figureठ⃚6bठ⃚inठ⃚Batesठ⃚etठ⃚al.ठ⃚[2012]).ठ⃚Thisठ⃚statementठ⃚representsठ⃚aठ⃚typographicठ⃚error,ठ⃚asठ⃚ourठ⃚189ठ⃚

previousठ⃚analysesठ⃚(andठ⃚withठ⃚ourठ⃚correctedठ⃚data;ठ⃚Figureठ⃚5)ठ⃚showedठ⃚thatठ⃚adductionठ⃚momentठ⃚190ठ⃚

armsठ⃚increasedठ⃚withठ⃚increasingठ⃚hipठ⃚flexion.ठ⃚Inठ⃚ourठ⃚correctedठ⃚dataठ⃚abductionठ⃚momentठ⃚armsठ⃚191ठ⃚

alsoठ⃚increaseठ⃚withठ⃚increasingठ⃚hipठ⃚flexionठ⃚(Figureठ⃚5).ठ⃚192ठ⃚

ठ⃚ Weठ⃚previouslyठ⃚concludedठ⃚thatठ⃚summedठ⃚longठ⃚axisठ⃚rotatorठ⃚momentठ⃚armsठ⃚displayedठ⃚aठ⃚193ठ⃚

taxonomicठ⃚signalठ⃚withठ⃚hipठ⃚flexionठ⃚andठ⃚extensionठ⃚(Figureठ⃚6eૐ퀐fठ⃚inठ⃚Batesठ⃚etठ⃚al.,ठ⃚[2012]).ठ⃚194ठ⃚

Lesothosaurusठ⃚hadठ⃚anठ⃚extremelyठ⃚weakठ⃚summedठ⃚medialठ⃚rotatorठ⃚momentठ⃚armठ⃚(Figureठ⃚6fठ⃚inठ⃚195ठ⃚

Batesठ⃚etठ⃚al.,ठ⃚[2012])ठ⃚comparedठ⃚withठ⃚thoseठ⃚ofठ⃚theropods,ठ⃚whileठ⃚itsठ⃚summedठ⃚momentठ⃚armठ⃚forठ⃚196ठ⃚

lateralठ⃚rotationठ⃚(Figureठ⃚6eठ⃚inठ⃚Batesठ⃚etठ⃚al.,ठ⃚[2012])ठ⃚wasठ⃚similarठ⃚toठ⃚thatठ⃚ofठ⃚nonૐ퀐avianठ⃚theropodsठ⃚inठ⃚197ठ⃚

magnitude.ठ⃚Theठ⃚ostrichठ⃚hadठ⃚significantlyठ⃚higherठ⃚summedठ⃚medialठ⃚andठ⃚lateralठ⃚rotatorठ⃚momentठ⃚198ठ⃚

armsठ⃚thanठ⃚anyठ⃚otherठ⃚dinosaurठ⃚modeledठ⃚(Figureठ⃚6eૐ퀐fठ⃚inठ⃚Batesठ⃚etठ⃚al.,ठ⃚[2012]).ठ⃚Allठ⃚ofठ⃚theseठ⃚199ठ⃚

conclusionsठ⃚areठ⃚stillठ⃚supportedठ⃚byठ⃚ourठ⃚correctedठ⃚dataठ⃚(Figureठ⃚5).ठ⃚200ठ⃚

ठ⃚ Thereठ⃚areठ⃚fewठ⃚changesठ⃚ofठ⃚noteठ⃚inठ⃚ourठ⃚comparativeठ⃚analysisठ⃚ofठ⃚individualठ⃚muscles.ठ⃚Asठ⃚inठ⃚201ठ⃚

Batesठ⃚&ठ⃚Schachnerठ⃚(2012),ठ⃚ourठ⃚inferencesठ⃚regardingठ⃚CFBठ⃚requireठ⃚adjustment.ठ⃚Weठ⃚previouslyठ⃚202ठ⃚

concludedठ⃚thatठ⃚CFBठ⃚hasठ⃚anठ⃚adductionठ⃚momentठ⃚armठ⃚inठ⃚theठ⃚theropodsठ⃚examined,ठ⃚whileठ⃚itठ⃚hasठ⃚anठ⃚203ठ⃚

abductionठ⃚momentठ⃚inठ⃚Lesothosaurusठ⃚(Figureठ⃚7bठ⃚inठ⃚Batesठ⃚etठ⃚al.,ठ⃚[2012]),ठ⃚butठ⃚thisठ⃚distinctionठ⃚isठ⃚204ठ⃚

noठ⃚longerठ⃚supportedठ⃚inठ⃚ourठ⃚correctedठ⃚data.ठ⃚Weठ⃚alsoठ⃚previouslyठ⃚statedठ⃚thatठ⃚PIFEठ⃚hasठ⃚aठ⃚lateralठ⃚205ठ⃚

PeerJ PrePrints | https://dx.doi.org/10.7287/peerj.preprints.1151v1 | CC-BY 4.0 Open Access | rec: 1 Jun 2015, publ: 1 Jun 2015

P
re
P
ri
n
ts



ठ⃚ 9ठ⃚

rotatorठ⃚momentठ⃚inठ⃚theठ⃚ostrichठ⃚andठ⃚Lesothosaurus,ठ⃚whileठ⃚itठ⃚hasठ⃚aठ⃚medialठ⃚rotatorठ⃚momentठ⃚armठ⃚inठ⃚206ठ⃚

theठ⃚nonૐ퀐avianठ⃚theropodsठ⃚(Figureठ⃚9cૐ퀐fठ⃚inठ⃚Batesठ⃚etठ⃚al.ठ⃚[2012]).ठ⃚Thisठ⃚statementठ⃚largelyठ⃚holdsठ⃚207ठ⃚

followingठ⃚analysisठ⃚ofठ⃚theठ⃚correctedठ⃚dataठ⃚(Figuresठ⃚1,3),ठ⃚althoughठ⃚theठ⃚nonૐ퀐avianठ⃚theropodठ⃚208ठ⃚

modelsठ⃚doठ⃚haveठ⃚weakठ⃚lateralठ⃚rotationठ⃚momentठ⃚armsठ⃚atठ⃚posturesठ⃚>45ठ⃚degreesठ⃚hipठ⃚flexion.ठ⃚209ठ⃚

However,ठ⃚theठ⃚conclusionठ⃚thatठ⃚Lesothosaurusठ⃚andठ⃚theठ⃚ostrichठ⃚haveठ⃚similarठ⃚momentठ⃚armsठ⃚forठ⃚210ठ⃚

thisठ⃚muscle,ठ⃚andठ⃚thatठ⃚bothठ⃚ofठ⃚theseठ⃚areठ⃚differentठ⃚fromठ⃚thoseठ⃚ofठ⃚nonૐ퀐avianठ⃚theropods,ठ⃚isठ⃚stillठ⃚211ठ⃚

supportedठ⃚(Figuresठ⃚1,4).ठ⃚ठ⃚212ठ⃚

ठ⃚213ठ⃚

Momentठ⃚armsठ⃚andठ⃚muscleठ⃚functionठ⃚evolutionठ⃚inठ⃚ornithischianठ⃚dinosaursठ⃚214ठ⃚

Maidment,ठ⃚Batesठ⃚&ठ⃚Barrettठ⃚(2014)ठ⃚presentedठ⃚aठ⃚preliminaryठ⃚analysisठ⃚ofठ⃚muscleठ⃚momentठ⃚armठ⃚215ठ⃚

evolutionठ⃚inठ⃚ornithischianठ⃚dinosaurs,ठ⃚whichठ⃚wasठ⃚subsequentlyठ⃚expandedठ⃚uponठ⃚inठ⃚Maidmentठ⃚etठ⃚216ठ⃚

al.ठ⃚(2014)ठ⃚byठ⃚theठ⃚additionठ⃚ofठ⃚fiveठ⃚furtherठ⃚models.ठ⃚Weठ⃚thereforeठ⃚discussठ⃚theठ⃚implicationsठ⃚ofठ⃚ourठ⃚217ठ⃚

correctedठ⃚dataठ⃚forठ⃚bothठ⃚studiesठ⃚synchronously.ठ⃚218ठ⃚

ठ⃚ Theठ⃚majorityठ⃚ofठ⃚ourठ⃚originalठ⃚conclusionsठ⃚regardingठ⃚muscleठ⃚momentठ⃚armठ⃚andठ⃚functionalठ⃚219ठ⃚

evolutionठ⃚withinठ⃚Ornithischiaठ⃚areठ⃚stillठ⃚supportedठ⃚byठ⃚analysisठ⃚ofठ⃚ourठ⃚correctedठ⃚data.ठ⃚ठ⃚220ठ⃚

Chasmosaurusठ⃚andठ⃚Hypsilophodonठ⃚areठ⃚stillठ⃚distinguishedठ⃚byठ⃚lowठ⃚momentठ⃚armsठ⃚forठ⃚manyठ⃚221ठ⃚

musclesठ⃚andठ⃚functionsठ⃚(e.g.ठ⃚Fig.ठ⃚6).ठ⃚Quadrupedalठ⃚taxaठ⃚(Kentrosaurus,ठ⃚Dyoplosaurus,ठ⃚222ठ⃚

Chasmosaurus)ठ⃚areठ⃚alsoठ⃚foundठ⃚toठ⃚maintainठ⃚higherठ⃚abductorठ⃚(Fig.ठ⃚7A)ठ⃚butठ⃚lowerठ⃚adductorठ⃚(Fig.ठ⃚223ठ⃚

7B)ठ⃚momentठ⃚armsठ⃚thanठ⃚bipedalठ⃚taxaठ⃚(Lesothosaurus,ठ⃚Hypsilophodon,ठ⃚Stegoceras),ठ⃚asठ⃚foundठ⃚224ठ⃚

previously.ठ⃚Inठ⃚ourठ⃚originalठ⃚data,ठ⃚differencesठ⃚betweenठ⃚longठ⃚axisठ⃚rotationठ⃚momentठ⃚armsठ⃚inठ⃚225ठ⃚

quadrupedsठ⃚andठ⃚bipedsठ⃚wereठ⃚notठ⃚clear.ठ⃚Thereठ⃚wasठ⃚littleठ⃚differenceठ⃚whenठ⃚summedठ⃚medialठ⃚226ठ⃚

rotationठ⃚momentठ⃚armsठ⃚wereठ⃚examined,ठ⃚andठ⃚thisठ⃚observationठ⃚remainsठ⃚theठ⃚caseठ⃚(Fig.ठ⃚8A).ठ⃚Aठ⃚227ठ⃚

muchठ⃚greaterठ⃚differenceठ⃚betweenठ⃚quadrupedsठ⃚andठ⃚bipedsठ⃚isठ⃚observed,ठ⃚however,ठ⃚whenठ⃚lateralठ⃚228ठ⃚

rotationठ⃚momentठ⃚armsठ⃚areठ⃚examinedठ⃚(Fig.ठ⃚8B).ठ⃚Inठ⃚ourठ⃚originalठ⃚data,ठ⃚thereठ⃚wasठ⃚someठ⃚suggestionठ⃚229ठ⃚

thatठ⃚lateralठ⃚rotatorठ⃚momentठ⃚armsठ⃚wereठ⃚greaterठ⃚amongठ⃚quadrupedals,ठ⃚andठ⃚thisठ⃚isठ⃚moreठ⃚230ठ⃚
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ठ⃚ 10ठ⃚

stronglyठ⃚supportedठ⃚byठ⃚ourठ⃚correctedठ⃚data.ठ⃚ठ⃚Ourठ⃚correctedठ⃚dataठ⃚alsoठ⃚supportsठ⃚ourठ⃚originalठ⃚231ठ⃚

assertionठ⃚thatठ⃚bipedsठ⃚appearठ⃚toठ⃚haveठ⃚higherठ⃚meanठ⃚medialठ⃚rotationठ⃚momentठ⃚armsठ⃚thanठ⃚232ठ⃚

quadrupedsठ⃚(Fig.ठ⃚9).ठ⃚Theठ⃚oneठ⃚otherठ⃚changeठ⃚ofठ⃚noteठ⃚occursठ⃚inठ⃚theठ⃚longठ⃚axisठ⃚rotationठ⃚momentठ⃚233ठ⃚

armठ⃚ofठ⃚theठ⃚flexorठ⃚tibialisठ⃚internusठ⃚3ठ⃚(FTI3)ठ⃚muscle.ठ⃚Weठ⃚previouslyठ⃚concludedठ⃚thatठ⃚FTI3ठ⃚wasठ⃚aठ⃚234ठ⃚

lateralठ⃚rotatorठ⃚atठ⃚highठ⃚flexionठ⃚anglesठ⃚butठ⃚becameठ⃚aठ⃚medialठ⃚rotatorठ⃚atठ⃚highठ⃚extensionठ⃚anglesठ⃚inठ⃚235ठ⃚

quadrupedsठ⃚andठ⃚theठ⃚reverseठ⃚inठ⃚bipedsठ⃚(Maidmentठ⃚etठ⃚al.,ठ⃚2014).ठ⃚Inठ⃚ourठ⃚correctedठ⃚dataठ⃚(Fig.ठ⃚10)ठ⃚236ठ⃚

thereठ⃚isठ⃚noठ⃚differenceठ⃚inठ⃚theठ⃚actionठ⃚ofठ⃚FTI3ठ⃚betweenठ⃚quadrupedsठ⃚andठ⃚bipeds,ठ⃚andठ⃚itठ⃚isठ⃚aठ⃚lateralठ⃚237ठ⃚

rotatorठ⃚atठ⃚allठ⃚hipठ⃚anglesठ⃚inठ⃚allठ⃚taxa.ठ⃚238ठ⃚

ठ⃚239ठ⃚

CONCLUSIONठ⃚240ठ⃚

Ourठ⃚reanalysisठ⃚ofठ⃚correctedठ⃚dataठ⃚fromठ⃚fourठ⃚previouslyठ⃚publishedठ⃚studiesठ⃚onठ⃚archosaurठ⃚241ठ⃚

locomotionठ⃚showsठ⃚fewठ⃚substantiveठ⃚differencesठ⃚fromठ⃚ourठ⃚previouslyठ⃚publishedठ⃚results,ठ⃚242ठ⃚

althoughठ⃚severalठ⃚reinterpretationsठ⃚ofठ⃚specificठ⃚muscleठ⃚functionsठ⃚haveठ⃚resulted.ठ⃚Nevertheless,ठ⃚243ठ⃚

theseठ⃚minorठ⃚amendmentsठ⃚doठ⃚notठ⃚undermineठ⃚ourठ⃚earlierठ⃚conclusionsठ⃚regardingठ⃚theठ⃚functionठ⃚244ठ⃚

andठ⃚evolutionठ⃚ofठ⃚theseठ⃚locomotorठ⃚systemsठ⃚andठ⃚inठ⃚someठ⃚casesठ⃚provideठ⃚additionalठ⃚supportठ⃚forठ⃚245ठ⃚

ourठ⃚previousठ⃚interpretations.ठ⃚Ourठ⃚correctedठ⃚dataठ⃚isठ⃚availableठ⃚inठ⃚theठ⃚supplementaryठ⃚materialठ⃚246ठ⃚

forठ⃚useठ⃚inठ⃚futureठ⃚studiesठ⃚onठ⃚theseठ⃚interestingठ⃚taxa.ठ⃚247ठ⃚

ठ⃚248ठ⃚
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ठ⃚ 13ठ⃚

ठ⃚300ठ⃚

Figureठ⃚1.ठ⃚Predictedठ⃚pelvicठ⃚muscleठ⃚momentठ⃚armsठ⃚forठ⃚hipठ⃚flexion3extensionठ⃚(left),ठ⃚andठ⃚301ठ⃚

correctedठ⃚dataठ⃚forठ⃚abduction3adductionठ⃚(centre)ठ⃚andठ⃚longૐ퀐axisठ⃚rotationठ⃚(right)ठ⃚inठ⃚keyठ⃚muscleठ⃚302ठ⃚

groupsठ⃚(a)ठ⃚ADD1,ठ⃚(b)ठ⃚CFB,ठ⃚(c)ठ⃚CFL,ठ⃚(d)ठ⃚IF,ठ⃚(e)ठ⃚PIFE1,ठ⃚(f)ठ⃚PIFI2ठ⃚andठ⃚(g)ठ⃚PITठ⃚overठ⃚aठ⃚rangeठ⃚ofठ⃚hipठ⃚303ठ⃚

jointठ⃚flexion3extensionठ⃚angles.ठ⃚Seeठ⃚tableठ⃚1ठ⃚forठ⃚abbreviations.ठ⃚Allठ⃚dataठ⃚normalizedठ⃚byठ⃚femoralठ⃚304ठ⃚

length.ठ⃚Onlyठ⃚flexion3ठ⃚extensionठ⃚dataठ⃚areठ⃚availableठ⃚forठ⃚Tyrannosaurusठ⃚andठ⃚Velociraptorठ⃚fromठ⃚305ठ⃚
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ठ⃚ 14ठ⃚

previousठ⃚studiesठ⃚(Hutchinsonठ⃚etठ⃚al.,ठ⃚2005;ठ⃚Hutchinsonठ⃚etठ⃚al.,ठ⃚2008),ठ⃚whileठ⃚PITठ⃚isठ⃚presentठ⃚onlyठ⃚306ठ⃚

inठ⃚Poposaurusठ⃚andठ⃚Alligator,ठ⃚havingठ⃚beenठ⃚lostठ⃚inठ⃚ornithodirans.ठ⃚ठ⃚307ठ⃚

ठ⃚308ठ⃚

ठ⃚309ठ⃚

ठ⃚ ठ⃚310ठ⃚
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ठ⃚ 15ठ⃚

ठ⃚311ठ⃚

Figureठ⃚2.ठ⃚Sumठ⃚ofठ⃚(a)ठ⃚hipठ⃚extensor,ठ⃚(b)ठ⃚hipठ⃚flexor,ठ⃚(c)ठ⃚hipठ⃚abduction,ठ⃚(dठ⃚)ठ⃚adduction,ठ⃚(e)ठ⃚lateralठ⃚312ठ⃚

femoralठ⃚rotationठ⃚andठ⃚(ठ⃚fठ⃚)ठ⃚medialठ⃚femoralठ⃚rotationठ⃚muscleठ⃚momentठ⃚armsठ⃚normalizedठ⃚byठ⃚313ठ⃚

segmentठ⃚lengthठ⃚forठ⃚Poposaurus,ठ⃚Alligatorठ⃚andठ⃚ornithodiranठ⃚bipeds.ठ⃚Allठ⃚dataठ⃚normalizedठ⃚byठ⃚314ठ⃚

femoralठ⃚length.ठ⃚Onlyठ⃚flexion3extensionठ⃚dataठ⃚areठ⃚availableठ⃚forठ⃚Tyrannosaurusठ⃚andठ⃚Velociraptorठ⃚315ठ⃚

fromठ⃚previousठ⃚studiesठ⃚(Hutchinsonठ⃚etठ⃚al.,ठ⃚2005;ठ⃚Hutchinsonठ⃚etठ⃚al.,ठ⃚2008).ठ⃚ठ⃚316ठ⃚
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ठ⃚317ठ⃚

Figureठ⃚3.ठ⃚Correctedठ⃚hipठ⃚muscleठ⃚momentठ⃚armठ⃚predictionsठ⃚forठ⃚(a)ठ⃚AMB,ठ⃚(b)ठ⃚CFB,ठ⃚(c)ठ⃚CFL,ठ⃚(d)ठ⃚318ठ⃚

FTE,ठ⃚(e)ठ⃚FTI3,ठ⃚(f)ठ⃚IFB,ठ⃚(g)ठ⃚IFMa,ठ⃚(h)ठ⃚IFMpठ⃚andठ⃚(i)ठ⃚PIFI1ठ⃚forठ⃚aठ⃚rangeठ⃚ofठ⃚hipठ⃚flexiondextensionठ⃚319ठ⃚

anglesठ⃚inठ⃚Lesothosaurus.ठ⃚Aठ⃚positiveठ⃚hipठ⃚jointठ⃚angleठ⃚(xૐ퀐axis)ठ⃚indicatesठ⃚hipठ⃚extensionठ⃚(femoralठ⃚320ठ⃚

retraction),ठ⃚whileठ⃚aठ⃚negativeठ⃚hipठ⃚jointठ⃚angleठ⃚indicatesठ⃚hipठ⃚flexionठ⃚(femoralठ⃚protraction),ठ⃚asठ⃚321ठ⃚

shownठ⃚byठ⃚theठ⃚smallठ⃚imagesठ⃚ofठ⃚theठ⃚pelvisठ⃚ofठ⃚Lesothosaurusठ⃚inठ⃚theठ⃚leftठ⃚lateralठ⃚viewठ⃚alongठ⃚theठ⃚xૐ퀐322ठ⃚

axisठ⃚ofठ⃚eachठ⃚graph.ठ⃚Aठ⃚negativeठ⃚momentठ⃚armठ⃚(yૐ퀐axis)ठ⃚forठ⃚flexiondextensionठ⃚isठ⃚aठ⃚momentठ⃚armठ⃚forठ⃚323ठ⃚

flexion;ठ⃚aठ⃚negativeठ⃚momentठ⃚armठ⃚forठ⃚abductiondadductionठ⃚isठ⃚aठ⃚momentठ⃚armठ⃚forठ⃚abduction;ठ⃚aठ⃚324ठ⃚

negativeठ⃚momentठ⃚armठ⃚forठ⃚longठ⃚axisठ⃚rotationठ⃚isठ⃚aठ⃚momentठ⃚armठ⃚forठ⃚medialठ⃚rotation.ठ⃚FlexExt,ठ⃚325ठ⃚

flexiondextension;ठ⃚ABDADD,ठ⃚abductiondadduction;ठ⃚LAR,ठ⃚longठ⃚axisठ⃚rotation.ठ⃚326ठ⃚

ठ⃚327ठ⃚

ठ⃚328ठ⃚
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ठ⃚329ठ⃚

Figureठ⃚4.ठ⃚Correctedठ⃚hipठ⃚muscleठ⃚momentठ⃚armठ⃚predictionsठ⃚forठ⃚(a)ठ⃚ADD1,ठ⃚(b)ठ⃚ADD2,ठ⃚(c)ठ⃚ISTR,ठ⃚(d)ठ⃚330ठ⃚

ITBa,ठ⃚(e)ठ⃚ITBp,ठ⃚(f)ठ⃚PIFE,ठ⃚(g)ठ⃚PIFI2,ठ⃚theठ⃚musclesठ⃚forठ⃚whichठ⃚theठ⃚331ठ⃚

sensitivityठ⃚analysisठ⃚wasठ⃚performed,ठ⃚forठ⃚aठ⃚rangeठ⃚ofठ⃚hipठ⃚flexiondextensionठ⃚anglesठ⃚inठ⃚332ठ⃚

Lesothosaurus.ठ⃚Aठ⃚positiveठ⃚hipठ⃚jointठ⃚angleठ⃚(xૐ퀐axis)ठ⃚indicatesठ⃚hipठ⃚extensionठ⃚(femoralठ⃚retraction),ठ⃚333ठ⃚

whileठ⃚aठ⃚negativeठ⃚hipठ⃚jointठ⃚angleठ⃚indicatesठ⃚hipठ⃚flexionठ⃚(femoralठ⃚protraction),ठ⃚asठ⃚shownठ⃚byठ⃚theठ⃚334ठ⃚

smallठ⃚imagesठ⃚ofठ⃚theठ⃚pelvisठ⃚ofठ⃚Lesothosaurusठ⃚inठ⃚theठ⃚leftठ⃚lateralठ⃚viewठ⃚alongठ⃚theठ⃚xૐ퀐axisठ⃚ofठ⃚eachठ⃚335ठ⃚

graph.ठ⃚Aठ⃚negativeठ⃚momentठ⃚armठ⃚(yૐ퀐axis)ठ⃚forठ⃚flexiondextensionठ⃚isठ⃚aठ⃚momentठ⃚armठ⃚forठ⃚flexion;ठ⃚aठ⃚336ठ⃚

negativeठ⃚momentठ⃚armठ⃚forठ⃚abductiondadductionठ⃚isठ⃚aठ⃚momentठ⃚armठ⃚forठ⃚abduction;ठ⃚aठ⃚negativeठ⃚337ठ⃚

momentठ⃚armठ⃚forठ⃚longठ⃚axisठ⃚rotationठ⃚isठ⃚aठ⃚momentठ⃚armठ⃚forठ⃚medialठ⃚rotation.ठ⃚FlexExt,ठ⃚flexiondठ⃚338ठ⃚

extension;ठ⃚ABDADD,ठ⃚abductiondadduction;ठ⃚LAR,ठ⃚longठ⃚axisठ⃚rotation.ठ⃚339ठ⃚

ठ⃚340ठ⃚

ठ⃚341ठ⃚

ठ⃚ ठ⃚342ठ⃚
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ठ⃚343ठ⃚

Figureठ⃚5.ठ⃚Correctedठ⃚dataठ⃚forठ⃚sumठ⃚ofठ⃚(a)ठ⃚hipठ⃚extensor,ठ⃚(b)ठ⃚hipठ⃚flexor,ठ⃚(c)ठ⃚adduction,ठ⃚(d)ठ⃚344ठ⃚

abduction,ठ⃚(e)ठ⃚lateralठ⃚femoralठ⃚rotationठ⃚andठ⃚(f)ठ⃚medialठ⃚femoralठ⃚rotationठ⃚muscleठ⃚momentठ⃚armsठ⃚345ठ⃚

normalizedठ⃚byठ⃚segmentठ⃚lengthठ⃚forठ⃚Lesothosaurusठ⃚andठ⃚otherठ⃚dinosaurianठ⃚bipeds.ठ⃚346ठ⃚

ठ⃚ ठ⃚347ठ⃚
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ठ⃚348ठ⃚

Figureठ⃚6.ठ⃚Examplesठ⃚ofठ⃚generallyठ⃚lowerठ⃚momentठ⃚armsठ⃚inठ⃚Chasmosaurusठ⃚andठ⃚Hypsilophodonठ⃚inठ⃚349ठ⃚

ourठ⃚correctedठ⃚data.ठ⃚Negativeठ⃚valuesठ⃚areठ⃚adduction,ठ⃚medialठ⃚rotationठ⃚andठ⃚flexion,ठ⃚whileठ⃚positiveठ⃚350ठ⃚

valuesठ⃚correspondठ⃚withठ⃚abduction,ठ⃚lateralठ⃚rotationठ⃚andठ⃚extension.ठ⃚A,ठ⃚Abductionૐ퀐adductionठ⃚351ठ⃚

momentठ⃚armsठ⃚forठ⃚IFMAठ⃚acrossठ⃚aठ⃚rangeठ⃚ofठ⃚hipठ⃚flexionૐ퀐extensionठ⃚angles;ठ⃚B,ठ⃚Longठ⃚axisठ⃚rotationठ⃚352ठ⃚

momentठ⃚armsठ⃚forठ⃚CFBठ⃚acrossठ⃚aठ⃚rangeठ⃚ofठ⃚hipठ⃚flexionૐ퀐extensionठ⃚angles.ठ⃚ठ⃚353ठ⃚

ठ⃚ ठ⃚354ठ⃚
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ठ⃚355ठ⃚

Figureठ⃚7.ठ⃚Summedठ⃚abductionठ⃚(A)ठ⃚andठ⃚adductionठ⃚(B)ठ⃚momentठ⃚armsठ⃚forठ⃚quadrupedsठ⃚356ठ⃚

(Kentrosaurus,ठ⃚Dyoplosaurus,ठ⃚Chasmosaurus)ठ⃚andठ⃚bipedsठ⃚(Lesothosaurus,ठ⃚Hypsilophodon,ठ⃚357ठ⃚

Stegoceras)ठ⃚acrossठ⃚aठ⃚rangeठ⃚ofठ⃚hipठ⃚flexionૐ퀐extensionठ⃚angles.ठ⃚Allठ⃚momentठ⃚armsठ⃚areठ⃚normalizedठ⃚358ठ⃚

byठ⃚femoralठ⃚length.ठ⃚Negativeठ⃚valuesठ⃚areठ⃚adductionठ⃚andठ⃚flexion,ठ⃚whileठ⃚positiveठ⃚valuesठ⃚359ठ⃚

correspondठ⃚withठ⃚abductionठ⃚andठ⃚extension.ठ⃚360ठ⃚

ठ⃚ ठ⃚361ठ⃚
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ठ⃚362ठ⃚

Figureठ⃚8.ठ⃚Summedठ⃚medialठ⃚(A)ठ⃚andठ⃚lateralठ⃚(B)ठ⃚longठ⃚axisठ⃚rotationठ⃚momentठ⃚armsठ⃚forठ⃚quadrupedsठ⃚363ठ⃚

(Kentrosaurus,ठ⃚Dyoplosaurus,ठ⃚Chasmosaurus)ठ⃚andठ⃚bipedsठ⃚(Lesothosaurus,ठ⃚Hypsilophodon,ठ⃚364ठ⃚

Stegoceras)ठ⃚acrossठ⃚aठ⃚rangeठ⃚ofठ⃚hipठ⃚flexionૐ퀐extensionठ⃚angles.ठ⃚Allठ⃚momentठ⃚armsठ⃚areठ⃚normalizedठ⃚365ठ⃚

byठ⃚femoralठ⃚length.ठ⃚Negativeठ⃚valuesठ⃚areठ⃚medialठ⃚rotationठ⃚andठ⃚flexion,ठ⃚whileठ⃚positiveठ⃚valuesठ⃚366ठ⃚

correspondठ⃚withठ⃚lateralठ⃚rotationठ⃚andठ⃚extension.ठ⃚367ठ⃚

ठ⃚ ठ⃚368ठ⃚
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ठ⃚369ठ⃚
ठ⃚370ठ⃚

Figureठ⃚9.ठ⃚Meanठ⃚longठ⃚axisठ⃚rotationठ⃚momentठ⃚armsठ⃚forठ⃚quadrupedsठ⃚(Kentrosaurus,ठ⃚Dyoplosaurus,ठ⃚371ठ⃚

Chasmosaurus)ठ⃚andठ⃚bipedsठ⃚(Lesothosaurus,ठ⃚Hypsilophodon,ठ⃚Stegoceras).ठ⃚Allठ⃚momentठ⃚armsठ⃚areठ⃚372ठ⃚

normalizedठ⃚byठ⃚femoralठ⃚length.ठ⃚Negativeठ⃚valuesठ⃚areठ⃚medialठ⃚rotation,ठ⃚whileठ⃚positiveठ⃚valuesठ⃚373ठ⃚

correspondठ⃚withठ⃚lateralठ⃚rotation.ठ⃚ठ⃚374ठ⃚

ठ⃚ ठ⃚375ठ⃚
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ठ⃚376ठ⃚

Figureठ⃚10.ठ⃚Lateralठ⃚rotatorठ⃚momentठ⃚armsठ⃚acrossठ⃚aठ⃚rangeठ⃚ofठ⃚hipठ⃚flexionૐ퀐extensionठ⃚anglesठ⃚forठ⃚377ठ⃚
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