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Despitesubyjectivedifferencesin runningtechnique,sagittal planelower extremity
anglekinematicsat agiven speed ar e relatively invariant(Martin, 1985). Preferredfoot
strike pattern (FSP) during distance running is one of the few parameters where
individua differencesarediscernibleto the neked eye. Theinitial point of solecontact
may rangeframthe hed (hs) to the forefoot (ffs). FSP may be manipulated by the
individual; in fact, somecoachesdirect their runnerstodter FSP. A moreforward foot
strike has been associated with increased running speed (Nigg, Denoth, Kerr, Luethi,
Smith & Stacoff. 1984). The purpose dof thisstudy wasto test the assumption that no
differencesexist in lower extremity kinematic measuresbetween hs andffs. Thishy-
pothesishas twowindows 1) As vsffsregardlessof preferred FSP, and 2) preferred FSP
() vs non-preferredFSP (npf). Thecombined comparisons help answer thequestion
d whether,for example, thekinematicdifferences inachangefrom ks toffsar e thesame
fora naturd HS runner asfor a naturd FFS runner.

METHODOLOGY

Theexperimental design hed atotd of six conditionscomprised of twoFSPused
at eech of three different running Speeds. Twelvehighly skilled, maedistance runners
(10K/5-mile FR paceM = 507 minemile) weresdlected aseither naturd HS (n=6) or
FFS(n=6). Befaretheinitiad session,each subjectwasclassified asnaurad HSor natural
FFS. Each subject performed all Sx conditionsin a cross-over experimenta design.
Within each o thetwo groups, conditionswere presented in a balanced order (Latin
Squaredesign) to minimizeorder effects.

Theexperimental setup included a 200 Hz high speed video camerawith alens-
object distanced 5.5m and line of Sght level with the subject'strochanter, to collect a
left sagittal view. A high-masstreadmill was used for dl testing. A thin, contact plate
foot-switch, mounted to therear of thesoleand wired toan LED visble to the subject,
was usad as feedback. Hed compression resulted in illumination, required during s
conditionsand not permitted duringffs conditions. Physiologica energy expenditure
datawerecollected concurrently using open-circuit spirometry and heart rate telemetry.
Fingertip lactate samples were al so drawn after the two fast running conditions.

Thestandard protocol entailed two test sessionsseparated by at least four daysor
asmuch timeasasubject neededtofull y recoverfrom any caf musclesoreness. Subjects



were asked © arrive rested and in a fasting state. Each condition lasted seven minutes
and was preceded with ample rest. The three speeds corresponded to an w - w e pace
(5.5 min*mile™), a medium training pace (6.5 min*mile:') and a slower training pace (7.5 *
min+mile!) for this population. Before each session, reflective markers were placed on
the appropriate lower extremity landmarks to calculate lower extremity angles. The
distance between markers was recorded and duplicated for the second session by the
W e investigator © minimize placement error.

Five complete left strides for each condition (FSP x Speed) were digitized using
a Motion Analysis VP110 microprocessor interfaced to a SUN minicomputer. The data
wrese filtered using a fourth-order, recursive, low-pass Butterworth filter with indepen-
dent x and g optimal cutoffs. Lower extremity angles uree then calculated. The five-
trial mean for each parameter was then analyzed using ANOVA. The main effects ureje
FSP group (HS or FFS), FSP used (As or ff5) and running speed.

RESULTS
Since there wrere no significant interactions between speed and the other main
effects, lower extremity parameters for the medium speed are summarized in Table 1.

The FSP used were compared within each subject group. Three pf vs. npf comparisons
in FFS and one in the HS group were significantly different (p<.05). Knee TD angle for
FFS was also different between FSP. The differences were primarily at the ankie and
may be more prevalent in FFS.

Table 1: Lower Extremity, 6.5 min+mile!
(M_ £ SD, degrees; n=12)

FSP Group -» @ @
FSP Used - pf npf of npf
Ankle
TD 12+ 1.3° -104 L4.8° -11.11 59 49144
Max. Dorsi 250134 23.1+3.1 235148t 258129
Max. Plantar. -26.116.2 -2891 19 -225+72 -215+7.1
Knee p
TD 18.1+4.6 20.116.3 ZZZ 132 20.3 13.2
Max. Flexion 117.6+9.8 T19.5110.5 1159+ 7.6 113.5+5.7
Max. Extension 150149 160159 15,5130 151122
Hip
TD 27.2+5.5 278+5.9 253%43 266%25
Max. Flexion 410x4.1 416145 30.112.7 404126
Max. Extension -14.9 | 4.2 -134146 -16.815.3 -15.51 31

* p < .05 for HS; ' p < .05 for FFS.



Comparisons between the two different subject groups within each FSP are
presentedin Table2. Thisrepresentsacomparison ofpf in onegroup with the apfin the
other subject group. Parameter valuesar e acombined averagefor al three speeds. As
with Table 1, significant differences. here between the two subject groups within FSP,
are most prevalent in the ankleparameters. In fact, none appear at the kneeor hip.

Table2 Lower Extremity, all goeeds
(M * SD, degrees; n=12)

FSP Used -+ hs ifs
HS _[FFS] [HS] FFS|
Ankle -
TD 0127 32+4.1° -10.5+44" -12.1t4.6
Max. Dorsi. 24413.1 25.1x35 223+34 227%43
Max. Plantar. -275+64° -220x6.T7 -290+6.60 -232164"
Knee
D 17945 199+3.0 20.1+5.1 224146
Max. FHexion  117.1 +10.3 1129+7.3 1197+103 115.7+8.6
Max. Extenson 142149 142+42 159+49 148+34
Hip
TD 272+54 272+43 275+5.7 255%4.7
Max. Fexion 4131+4.6 405+ 3.6 420x3.1 398+5.4
Max. Extendon -14.9%4.6 -15.7+4.7 -142+46 -164+54

* p<.05for hs; tp<.05 forffs.

ANOVA (p=12) over all goeadsshowedsignificant effects(p<.05) for FSPon all
ankleand kneeparametersand on hipTD angle. Running gpesd had asignificant effect
on dl hip parametersand on maximum plantarflexion and maximum kneeflexion. For
all subjectsand gpeeds ankleTD angleM,, + SD=13+39°and M, + SD=-113
45'. Figurelillustratesthe difference between FSP over speed; thehs conditionsare
clearly morepositivefor both groupsand reflect the FSP chosen by subjectsto comply
with the protocol. Overall, thereappearsto beadight inversetrend between FSPand
speed; however, asstated previoudy, theinteraction was not significant.

Separate ANOV A on thedata partitionedi nt o As and ffs revealedsimilar sources
of variationin bothcategories. Within FSP category, runningspesd wasnotasignificant
source of variation only for maximum dorsiflexion and maximum knee extension.
Subject group (HS or FFS) had a significant effect only on ankle TD angle and only
during As conditions. Thisiscons stent with thedifferent valuesfor thetwo groupson
this parameter (seeTable2).
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DISCUSSION N

Thisinvestigationconfirmed that running speed isamgor sourced variaionin
lower extremity kinematics, asshown previously (M ason,1980). Thesignificant within-
group differences(p<.05) in ankle TD angleconfirm subjectssuccessfully dtered FSP
in accordance with experimenta protocol. Likewise, thelack of significant interaction
between FSPand speed al so suggeststhat the protocol adequately négated an otherwise
expected interaction between FSP and speed.

Therewasatrend to grester maximum kneeflexion for HS runnersfor bath FSP
(seeTables1,2). Therea soappearsto begreater variation inknee angle parametersfor
HS regardless of FSP used; all six standard deviationsare greater then corresponding
vauesfor FFS (seeTabled. Theegquivdent satementisthat HS runnershave greater
variationin kneeanglewhen using not just d  but asopf. If FFS exhibit lessflexion
and are moreconsi stent, the mechanismmay beincreasedstiffnessat theknee (and hip)
joints since FFS customarily tran and race with the ankle as a third active joint for
attenuating impact Hip and ankle parametershave similar variability in both subject
groups, diminating compensatory variability at another joint This suggests that
variability is not associated with a novel task (apf) a5 much asit is with a strongly
entrained motor pattern. It ispossible,too, that the task hereisrdatively smple, with
argpid learning curve.
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Onelimitation to thestudy isevident In the protocol, the boundary between HS
and FFSrunners was not discrete. Perhapsdueto their level of training, most subjects
could be categorized in a relatively narrow band around midfoot strike. Thisfinding
might suggest that skilled runnerslearn to converge on a common FSP, perhgpsto
minimize theforcesor cumulativestrain of intensetraining, maximize performanceor
acombination. TH s iscond stent with datafor €litefemaledistancerunners, who were
categorized as midfoot strike using overground ground reactionforcecriteria, whilean
untrained control group weredecidedly As at thesamespead (Williams, Cavanaugh, &
Ziff, 1987).

Therearesomepractica implications. Coacheswhoinstruct athletestodter their
FSPwill probably not seenoti ceablechangesin angle kinematics abovetheankle. If this
subject pool isany indicator,itispossiblean increasein training volumeor intensity nay
bring about a more moderate FSPfor athleteswith excessivehs or ffs FSP. |1t hasbeen
shown that changesin FSPdlowed to occur volitionally rarely go morethan one stage
on theheel-midfoot-forefoot specrum; HS may become midfoot but not FFS and vice-
versa(Mason. 1980).

Futureinvestigationsof FSP might includecontinuousoverground evaluationin
conjunctionwith ground reactionforcedata, thelatter apparatusa o useful for amore
quantitativecategorization (Cavanagh & LaFortune, 1980). Results might bedifferent
when subjectsare monitoredfor useof npf over weeksor monthsto allow any long term
muscular and motor unit recruitment pattern adaptations.

CONCLUSIONS

It appearsthat anglekinematicsarestrongly stereotypedin distancerunning. The
impositionaof Asand ffsover arange of oeedsserved asa new perturbation to gait. In
ahighly skilled runner population,only parametersassociated with theankle- thejoint
mogt directly involved in effecting the changes mandated by the protocol - displayed
differences between the two FSP and between the two subject groups with any
consistency.
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