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IntroductionIntroduction

�� PatellofemoralPatellofemoral pain (pain (PFPPFP) is ) is oneone of the most of the most 
commoncommon disorders disorders involvinginvolving the the kneeknee in in 
sportsmedicinesportsmedicine..

�� IncidenceIncidence: 1 in 4 in the : 1 in 4 in the generalgeneral populationpopulation, , 
even even higherhigher amongamong athletesathletes

PFP PFP representsrepresents major major problemproblem in in physicallyphysically
activeactive populationspopulations suchsuch as adolescents, as adolescents, youngyoung
adultsadults, , athletesathletes and military and military personnelpersonnel



IntroductionIntroduction

�� LackLack of consensus of consensus concerningconcerning aetiologicalaetiological
mechanismsmechanisms of PFPof PFP

�� NumerousNumerous suggestedsuggested risk factors  : risk factors  : 
malalignement of the PF joint, soft malalignement of the PF joint, soft 
periarticularperiarticular imbalancesimbalances, , quadricepsquadriceps musclemuscle
weaknessweakness, , vastivasti musclemuscle imbalanceimbalance, , bonybony
abnormalitiesabnormalities

CausesCauses of of patellofemoralpatellofemoral pain are more pain are more 
multifactorialmultifactorial ((CheungCheung et al., 2006)et al., 2006)



IntroductionIntroduction

�� PatellofemoralPatellofemoral joint joint mechanicsmechanics maymay bebe
influencedinfluenced byby segmentalsegmental interactionsinteractions of the of the 
lowerlower extremityextremity ((PowersPowers, 2003), 2003)

�� AbnormalAbnormal lowerlower extremityextremity kinematics have kinematics have 
been been citedcited as a as a possiblepossible predisposingpredisposing factor factor 
forfor PFP PFP ((TiberioTiberio, 1987, Eng & , 1987, Eng & PierrynowskiPierrynowski, 1993), 1993)

AbnormalAbnormal footfoot pronationpronation suchsuch as as excessiveexcessive
oror prolongedprolonged pronationpronation of the of the footfoot are are 
propoundedpropounded toto bebe predisposingpredisposing forfor PFP PFP 



IntroductionIntroduction

�� No consensus in the No consensus in the literatureliterature concerningconcerning
abnormalabnormal rearfootrearfoot pronationpronation beingbeing a risk a risk 
factor factor forfor the the developmentdevelopment of of anterioranterior kneeknee
pain.pain.

AbnormalAbnormal pronationpronation notnot a a universaluniversal findingfinding
in in patientspatients sufferingsuffering fromfrom PFP PFP 

Care must Care must bebe taken in taken in attributingattributing the the causecause
of PFP of PFP symptomssymptoms toto abnormalabnormal footfoot
pronationpronation



IntroductionIntroduction

�� ToTo date date nono studies have studies have prospectivelyprospectively

investigatedinvestigated relationshiprelationship betweenbetween rollover rollover 

patternpattern of the of the footfoot and and developmentdevelopment of of 

anterioranterior kneeknee pain.pain.

PurposePurpose of of thisthis studystudy was was toto prospectivelyprospectively

determinedetermine gaitgait relatedrelated risk factors risk factors forfor PFP PFP 

basedbased onon the the plantarplantar pressurepressure distributiondistribution

duringduring gaitgait



MaterialsMaterials and and methodsmethods

�� SubjectsSubjects

19 19 ±± 1.51.5

177.9 177.9 ±± 7.87.8

67.5 67.5 ±± 7.97.9

AgeAge ((yearsyears))

HeightHeight (cm)(cm)

WeightWeight (kg)(kg)

MeanMean ±± SDSD84 84 officerofficer cadetscadets

65 men, 19 65 men, 19 womenwomen



MaterialsMaterials and and methodsmethods

EvaluationEvaluation

�� Rollover Rollover patternpattern of the of the recruitsrecruits ‘‘s s feetfeet duringduring

gaitgait werewere examinedexamined beforebefore the start of a 6 the start of a 6 

week week basicbasic military training military training periodperiod byby meansmeans

of of plantarplantar pressurepressure measurementsmeasurements

�� FootscanFootscan pressurepressure plateplate ((RsScanRsScan International)International)



MaterialsMaterials and and methodsmethods

PlantarPlantar pressurepressure measurementsmeasurements

�� DuringDuring walkingwalking (= major (= major activityactivity recruitsrecruits performedperformed

duringduring basicbasic military training military training periodperiod))

�� FootscanFootscan pressurepressure plateplate (0.5m x 0.4m, 295Hz) (0.5m x 0.4m, 295Hz) 

embeddedembedded in the in the middlemiddle of a 15 m long of a 15 m long walkwaywalkway

�� WalkwayWalkway was was coveredcovered byby a a thinthin rubber mat rubber mat soso the the 

pressurepressure plateplate was was notnot visiblevisible toto the the subjectssubjects



MaterialsMaterials and and methodsmethods

PlantarPlantar pressurepressure measurementsmeasurements

�� SubjectsSubjects walkedwalked at a at a selfself chosenchosen comfortablecomfortable

moderate moderate velocityvelocity

�� ThreeThree validvalid leftleft and and rightright stancestance phasesphases werewere

measuredmeasured



MaterialsMaterials and and methodsmethods

Data Data analysisanalysis

�� ForFor eacheach trial the trial the medialmedial heel (H1), heel (H1), laterallateral heel heel 
(H2), (H2), metatarsalmetatarsal headsheads I I toto V and hallux (T1) of the V and hallux (T1) of the 
feetfeet werewere manuallymanually identifiedidentified

�� Temporal data (time Temporal data (time toto peakpeak pressurepressure, instants , instants onon
whichwhich the the regionsregions made and made and endedended contact), contact), peakpeak
pressurepressure data and absolute data and absolute impulsesimpulses ((meanmean
pressurepressure x x loadedloaded contact time) contact time) werewere calculatedcalculated forfor
eacheach regionregion



MaterialsMaterials and and methodsmethods

Data Data analysisanalysis

�� TotalTotal footfoot contact time and contact time and fivefive distinctdistinct
instants of instants of footfoot rollover rollover werewere determineddetermined forfor
eacheach trial:trial:
�� FirstFirst footfoot contactcontact

�� FirstFirst metatarsalmetatarsal contactcontact

�� ForefootForefoot flatflat

�� Heel Heel offoff

�� Last Last footfoot contactcontact



MaterialsMaterials and and methodsmethods

Data Data analysisanalysis

(figure taken from Willems et al.)



MaterialsMaterials and and methodsmethods

Data Data analysisanalysis

�� CalculationCalculation of of mediomedio--laterallateral pressurepressure ratio ratio 
[(M1+M2+H1)/(M4+M5+H2)] ([(M1+M2+H1)/(M4+M5+H2)] (pressurepressure
distributiondistribution in the in the footfoot) at the ) at the fivefive instants of instants of footfoot
contact and contact and excursionexcursion ranges of ratio over the ranges of ratio over the fourfour
phasesphases

�� PositioningPositioning of the of the CentreCentre of of PressurePressure ((COPCOP) and ) and 
mediomedio--laterallateral and and anterioranterior--posteriorposterior displacement of displacement of 
COP at the COP at the fivefive instants and instants and fourfour phasesphases of of footfoot
rollover rollover 



MaterialsMaterials and and methodsmethods

BasicBasic military trainingmilitary training
�� 6 weeks6 weeks

�� MarchingMarching (35%)(35%)

�� TacticalTactical exercicesexercices (25%)(25%)

�� DrillsDrills (10%)(10%)

�� Running Running (5%)(5%)

�� ShootingShooting (5%)(5%)

�� TheoreticalTheoretical classes classes (20%)(20%)



MaterialsMaterials and and methodsmethods

RegistrationRegistration of of injuriesinjuries

�� PatellofemoralPatellofemoral pain pain diagnoseddiagnosed and and 

registeredregistered byby a a SportsSports MedicineMedicine PhysicianPhysician

present at the training camppresent at the training camp

�� SportsSports MedicineMedicine PhysicianPhysician blindedblinded toto plantarplantar

pressurepressure measurementmeasurement resultsresults



MaterialsMaterials and and methodsmethods

RegistrationRegistration of of injuriesinjuries

�� ClinicalClinical criteria criteria (De Haven et al., 1979, (De Haven et al., 1979, KannusKannus & & NiitymakiNiitymaki, , 

1994, Witvrouw et al., 2000):1994, Witvrouw et al., 2000):

�� Pain Pain onon compressioncompression patellapatella againstagainst femoralfemoral
condylescondyles ((kneeknee in in fullfull extensionextension))

�� TendernessTenderness of the of the posteriorposterior surfacesurface patellapatella onon
palpationpalpation

�� Pain Pain onon resistedresisted kneeknee extensionextension

�� Pain Pain withwith isometricisometric quadricepsquadriceps contractioncontraction
againstagainst suprapatellarsuprapatellar resistanceresistance (in 15(in 15°°kneeknee
flexionflexion))



MaterialsMaterials and and methodsmethods

StatisticalStatistical analysisanalysis

�� SPSS SPSS forfor windowswindows ((versionversion 12.0)12.0)

�� BinaryBinary logisticlogistic regressionregression analysisanalysis

�� StatisticalStatistical significancesignificance at at αα ≤≤ 0.050.05



ResultsResults

0.0090.009

0.0030.003

0.0020.002

0.46 0.46 ±± 0.06 0.06 

0.90 0.90 ±± 0.27 0.27 

79.50 79.50 ±± 39.7939.79

0.43 0.43 ±± 0.080.08

0.81 0.81 ±± 0.240.24

49.21 49.21 ±± 29.7429.74

tPmaxtPmax M4 M4 

Ratio FFCRatio FFC

MAXvxMAXvx FFCPFFCP

PP--valuevaluePain Pain freefree groupgroup

(n=48)(n=48)

MeanMean ±± SDSD

PFP PFP groupgroup

(n=36)(n=36)

MeanMean ±± SDSD

tPmax M4 = time (sec) to max pressure on the 4th metatarsal
Ratio FFC = medio-lateral pressure distribution at first foot contact
MAXvx FFCP = max velocity of medio-lateral displacement of the COP
during the forefoot contact phase



DiscussionDiscussion

�� LogisticLogistic regressionregression revealedrevealed threethree gaitgait

relatedrelated intrinsicintrinsic factors as factors as predictingpredicting factors factors 

forfor developmentdevelopment of of PFPPFP::

–– A more A more laterallylaterally directeddirected pressurepressure distributiondistribution at at 

FFCFFC

–– ShortenedShortened time time toto maxmax pressurepressure onon metatarsalmetatarsal 44

–– DelayedDelayed shift of the COP in shift of the COP in laterolatero--medialmedial

directiondirection duringduring FFCPFFCP



DiscussionDiscussion

�� More More laterallylaterally directeddirected pressurepressure
distributiondistribution at FFCat FFC

CouldCould indicateindicate lessless footfoot pronationpronation at FFC in at FFC in 
PFP PFP groupgroup

DuffeyDuffey et al. (2000) et al. (2000) foundfound thatthat runners runners 
withwith PFP had 25% PFP had 25% lessless pronationpronation duringduring
firstfirst 10% of support 10% of support phasephase



DiscussionDiscussion

Adequate Adequate pronationpronation of the of the footfoot is is necessarynecessary toto
makemake anan appropriateappropriate shockshock--absorptionabsorption possiblepossible as as 
the the footfoot strikes the strikes the groundground..

LessLess pronationpronation maymay causecause a more a more rigidrigid
landing of the landing of the footfoot

IncreasingIncreasing the impact the impact onon the the lowerlower
extremityextremity

ContributeContribute toto overuseoveruse injuryinjury



DiscussionDiscussion

�� SlowerSlower shift of the COP in shift of the COP in laterolatero--medialmedial directiondirection
duringduring the FFCPthe FFCP

In In subjectssubjects whowho developeddeveloped PFP more time was PFP more time was 
neededneeded duringduring FFCP FFCP toto shift COP shift COP fromfrom the the laterallateral
sideside toto the the medialmedial sideside of the of the footfoot

MayMay suggestsuggest thatthat personspersons whowho developeddeveloped PFP PFP rollroll
over over theirtheir footfoot more more onon the the laterallateral sideside of the of the footfoot



DiscussionDiscussion

�� More More laterallylaterally orientedoriented heel strike and heel strike and 
rollover rollover patternpattern of the of the footfoot

1)1) MayMay causecause lessless shock shock absorbtionabsorbtion in the in the footfoot

GreaterGreater part of part of groundground reactionreaction forcesforces
transferredtransferred toto the the kneeknee

HigherHigher loadload onon the PF jointthe PF joint

OverloadOverload of the PF joint of the PF joint leadingleading toto PFPPFP



DiscussionDiscussion

2)2) LessLess pronatedpronated positionposition of the of the footfoot duringduring the the 
rollover rollover patternpattern lessless internalinternal rotationrotation of of 
the the tibiatibia

Place Place tibialtibial tuberositytuberosity in a more in a more laterallateral positionposition relativerelative
toto the the femurfemur

IncreasingIncreasing QQ--angleangle

A A LargerLarger QQ--angleangle maymay causecause increasedincreased laterallateral patellarpatellar
trackingtracking

IncreasedIncreased contact contact pressurepressure onon laterallateral facetsfacets of the of the 

patellapatella



DiscussionDiscussion

�� ResultsResults of of thisthis studystudy contradictcontradict resultsresults of of formerformer
studies studies ((ArebladAreblad et al., 1990, et al., 1990, HamillHamill et al., 1992, Eng & et al., 1992, Eng & 
PierrynowskiPierrynowski, 1993, , 1993, CallaghanCallaghan et al., 1994, et al., 1994, CheungCheung et al., et al., 

2006)2006) whichwhich foundfound anan associationassociation betweenbetween excessiveexcessive
footfoot pronationpronation and and anterioranterior kneeknee painpain

�� HoweverHowever plausibleplausible thatthat whenwhen normalnormal
physiologicalphysiological loadingloading of the joint is of the joint is exceededexceeded byby
overuseoveruse, , bothboth, , excessiveexcessive as as wellwell as as insufficientinsufficient
pronationpronation of the of the footfoot maymay leadlead toto PF PF dysfunctiondysfunction
and and causecause PFPPFP



ConclusionConclusion

�� DuringDuring gaitgait the the feetfeet of the of the personspersons whowho

developeddeveloped PFP in the PFP in the investigatedinvestigated

populationpopulation::

–– Had a heel strike in a Had a heel strike in a lessless pronatedpronated positionposition

–– Rollover more Rollover more onon the the laterallateral sideside
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