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INTRODUCTION

Netball isafast and skilful team game that has attracted one of thelargest
number of participants of any team game within Australia with close to
haf a million registered players. It is a game in which players frequently
perform short burst of acceleration to"break free" from adefender incom-
bination with sudden, explosive changesin direction or rapid decel eration
to receive a pass. The conseguence of the majority of these explosive net-
ball movement patternsisthe subsequent impact which occurs on landing.
Landing actionshave received far less attention than the mechanicsof the
skillsthemselves, despite thefact landings are morelikely to result in both
acute and chronicinjury asaresult of large impact forces (Lees, 1981).
The technique a netball player uses to land on receiving a passisin-
fluenced by several factorsincluding the type of pass, the speed and style
d approach to the pass, the position of opposition players, the movements
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required followingthelanding action (for example, whether a playerisre-
quired to pivot or make a straight lead), the court surface, and the foot-
wear worn by the player. One d the main determinants governing landing
techniquein netball, however, isthelimitationimposed on aplayer's move-
ments by the "footwork rule’. After receiving a passa player is restricted
to a maximum o one-and-a-half steps. Therefore, upon landing after
receiving the ball, a player must decel erate rapidly and assume a position
which affordssufficient stability so that sheor hedoesnot infringethefoot-
work rule.

Previousinvestigationshave demonstrated that netball players achieve
this rapid deceleration on landing by applying alarge horizontal shear or
"braking” force. Braking forces as high as 6.5 times a players body weight
(BW) havebeenrecorded at landingfor individual players(Steele and Mil-
burn, 1987a). Numerous studies have indicated that excessve and
repeated ground reaction forces, bothin the horizontal and vertical direc-
tion, can placethe lower extremityat risk in termsd increasing the poten-
tial for ligament damage, degeneration of articular cartilage, or chronic
muscul o-skeletal disorders (Radin et al, 1982; Voloshin and Wosk, 1982;
Steele and Milburn, 1987a).

In an attempt to reduce the magnitude d the ground reaction forces
which result from abrupt decel erative movement patterns characteristics
o netball, several studies examining the mechanicsd landing in netball
have been conducted (Steele and Milburn, 1987a; 1987b; 1988a; 1988b; in
press). One specific area of research has been directed towards quantify-
ing the influence of footfall patterns on the ground reaction forces ex-
perienced at landing. Steele and Milburn (1987b) examined the footfall
patterns demonstrated by skilled netball players at landing following a
typical attacking netball movement pattern under different footwear con-
ditions. Regardless o the shoesworn, the most frequent footfall pattern
observed was initial ground contact by the heel o the foot (83.6%). Only
6.3% of the subjectsimpacted the ground with theforefoot, 2.5% with the
midfoot (flatfooted), and 7.6% o the subjects used a combination of foot-
fall patterns throughout the trials studied (Steele and Milburn, 1987b).
Further work by Steele and Milburn (1988b) examined footfall patternsof
skilled subjects landing on 12 different syntheticsport surfaces. Of the 357
trials analysed, subjects made initial foot-ground contact with the heel of
thefoot in 342 trids (95.8%of cases). Contact was made with theforefoot
inonly 11.of the trias (3.1%), while contact was made with themidfoot in
only 4trials (1.1%). Theresults of these studiesappeared to refutestate-
mentsappearing in netball coaching manual swhere coaches claimed "con-
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. tact with the ground isinitialy with the ball of thefoot" (Cornwell, 1984,
: e 'Iﬁl].

Steeleand Milburn (in press) continued to examinefootfall patterns at
landing in netball, focusing upon the influenceof changes to pass height
on landing technique. In contrast to previousstudies, the mgjority of sub-
jects (70%) made initial contact with the forefoot upon landing while only
three of the ten subjects (30%) made initial contact with the hedl o the
foot. These results were obtained in trialsin which the subjects received
high passes. Similar resultswerereported by Valiant and Cavanagh (1985)
who examined the footfall patterns o ten male university intramural bas-
ketball players rebounding a basketball dropped from a random height
abovetheir head. Eight of the ten basketball subjects made initial ground
contact with the forefoot while the remaining two subjects contacted the
ground with aflatfooted landing pattern. It therefore appeared the height
at which a passwas caught by a player, either in netball or basketball, was
the main factor which influenced the footfall pattern used on landing.

In order to determine the influence of changes to footfall patterns,
Steele and Milburn (in press) analysed the ground reaction forces
generated at landingwhen catchingahigh pass. The resultsindicated that
the seven subjects who landed on the forefoot after catching a high pass
demonstrated a significantly lower maximum peak VGRF and as sig-
nificantly lower initial peak V GRF than the value recorded when subjects
landed on the heel. A reduction inthevertical ground reaction forcesafter
landing on the forefoot could lessen the potential for injury asa result of
adecrease in the stress placed on the muscul o-skel etal system during the
movement. The mean time to the initial pesk VGRF for the forefoot
strikers was found to be significantly shorter compared to landing on the
heel. Therefore, landing on the forefoot did not attenuate the rate of load
ing of the smaller initial ptai VGRF Etn::ru.ll:li ak '|:_||11!;|:||;_; {Stecle and Mil-
burn, i press).

Subjects who landed on the forefoot demonstrated significantly lower
brakingforcesin comparisonto the subjectswho landed on the heel o the
foot. It thus appeared aforefoot landing pattern could decrease the mag-
nitude of the braking forces experienced at landing which may, in turn,
decrease the potential for injury (Steele and Milburn, in press). However,
therewas no significant differencein the timeto peak brakingforceswhen
comparingthosesubjectswho landed on the heel o the foot to thoseland-
ing on the forefoot.

Steele (1988) further examined the influence of changes to passing
height on the kinematicsand kineticsof landing following astandard net-
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ball task. The results indicated playerstended to demonstrate avariety o
footfall patterns when receiving a high pass. That is, on catching a high
passfour of the ten subjects (40%) consistentlylanded on the heel o the

foot, three subjects (30%) demonstrated a mixture of both the heel and *

forefoot landing actions throughout their trials. The purpose of this paper
wastherefore to compare theground reaction forces demonstrated in tri-
alsinwhich playerslanded onthe heel of thefoot totrialsin which players
landed on the heel of the foot to trials in which players landed on the
forefoot.

PROCEDURES
Subjects

Thesubjectsfor thisstudy werel0skilled netball playersselected fromthe
1987 netball scholarship holders at the Australian Institute of Sport

(A.l.S). The age, height and weight of the subjects are summarised in
Table 1. Written informed consent was obtained from each subject prior
to testing.

TABLE 1: Age height and weight characteristics of the subjects.

Variable Mean (+SD) Range

Age (yrs) 1956  (+122) 184- 222
Height (cm) 172.18 (15.86) 165.4- 180.7
Weight (kg) 6487 (1556 550- 736

Experimental Protocol

After warming-up and familiarization with the experimental procedures,
the subjects performed a standard netball attacking task catching a high
pass. This required them to run forward, "break to the side away from a
defender, catch the pass, land on the dominant lower extremity, stabilise
their position, and pass the ball back to the thrower. All subjects used a
"leap" approach to receivethe pass. The subjectswere not instructed with
respect to the techniquethey wereto useon landing. The passeswerecon-
sistently directed approximately 20 cm above head level of each subject
(confirmation of pass height was later conducted by observation of film
records of each trial). All trials were performed in accordance with the
rules of netball (All Australia Netball Association, 1983).
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Throughout each trial the subjects wore a standard design shoe
manulaciured specifically for netball. Data collection for the study was

! ganducted in the BiomechanicsLaboratory of the Australian Institute of

Sport in Casberra
Coallection of Kinetic Data

To enable collection of kinetic data the subjectswere required to land on
aKISTLER typeZ 4852/C forceplatform (60 cm X 90cm). Theforceplat-
formwas mounted on aconcrete pedestal belowground level and covered
with granulated rubber sport surface (Rekortan) so that the landing sur-
facewas flush with the surrounding floor o the laboratory. The subjects
weregivenas many practicetrialsaswererequired to enable them toland
consistently on the force platform. Thisensured minimal alteration tonor-
mal landing technique.

Three orthogonal components of the ground reaction forcefor at |east
four trialswere recorded over 4000 millisecondsa500 Hz and stored asa
function of time usinga DEC LSl 11/23. The data were then transferred
tothe VAX 11/750 computer for further anaysis,

To record body weight, each subject was required to stand motionless
at the centre of theforce platform prior to their trialswhile the force was
recorded. These data werelater utilized to standardized force data rela-
tive to the body weight d each subject.

Filming Procedures

Duringeach trial the subjectswerefilmedfrom aposterior andlateral view
using two phase-locked 16mm Photosonics 500 high speed cine cameras
located approximately 12 metres from the force platform. The cameras
operated at a nomina framingrate of 200 frames per second in conjunc-
tion with a 120 degree shutter, producing an effective shutter speed o
1600 second.

After processing, the film imagewas projected using aVanguard Over-
head Motion Analyzer (M16CR series) onto the analysistable. Thethree
representative trials per subject were then examined visually to determine
the classification of each subject's footfal pattern as either "hedl" or
"forefoot". This classification system was determined in concoction with
centre of pressure data and based on the part of thefoot which initially im-
pacted the landing surface.

Analysisof Kinetic Variable

The ground reaction forces for three representative trials were selected
for analysisfor each subject. Thefollowingkineticvariableswere then cal-
culated:
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a) the magnitude of the maximum peak V GRF at impact (peak VGRF);

b) thetimefromthe onset of impact until the peak V GRF (timeto peak);

C) themagnitudeof theinitial peak V GRFat impact (initial peak VGRF);

d) thetimefrom the onset of impact until theinitial peak VGRF (timeto
initial peak VGRF);

e) the magnitude of the peak mediolateral and anteroposterior forces
atimpect (peak braking force);

f) thetimefrom theonset of impact until the peak brakingforce (time to
peak braking force);

g) the magnitude of the peak resultant force at impact (peak resultant
force);

h) the timefrom the onset of impact until the peak resultant force (time
to peak resultant); and

i) the position of thecentre of pressure under thefoot at contact.

Measurements of peak forceswere recorded in Newtons (N) and then
normalized to body weight. Thetemporal variableswere measured in mil-
liseconds (ms). Theabovevariablesenabled comparisonsto be made with
similar variables quantified during the impact phase of foot-ground con-
tact inthestudy by Steeleand Milburn (in press). Furthermore, theVGRF
has been identified as the component most representative of the forces
which the foot, leg, and body are subjected to at impact (Lees and Mc-
Cullagh, 1984).

Subjects in the present study demonstrated V GRF force-time curves
with variations from one to three impact peaks a landing. For thisreason
the magnitude of both the initial peak VGRF and the maximum peak
V GRF were calculated. For subjects who demonstrated a single impact
peak, initial and maximum V GRF values were equivalent. Calculation of
thetimetoinitial peak V GRF provided a measured therate of forceload-
ingirrespective of the number of impact peaks present. Aspreparation to
land in netball involved rotation of the body, subjectsdid not land with the
landing foot positioned in a consistent direction or aligned with the long-
axisof theforceplatform. Therefore, theresultant of the peak mediolateral
and anteroposterior forces represented the braking forces generated at
landing. Location of the centre of pressure under the foot at landing
enabled confirmation of each subject's footfall pattern.

i)
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Means, standard deviations and range values were caculated for each
biomechanical variable under investigation.A One-Way ANOVA wasap-
plied to the data to test for any significant differences among the kinetic
variableswith re§pect to the trialsin which the playerslanded on the heel
d thefoot compared to trialsin which playerslanded on theforefoot. The
level o confidence for dl statistical analysiswasset at p< 0.05.

RESULTSAND DISCUSSION
Vertical Ground Reaction Forces

Statistical analysisaf the data for the present study indicated there were
no significant differences in the magnitude of the peak VGRF
demonstrated in trialsin which subjectslanded on the heel (x = 5.2 BW)
compared to landing on the forefoot (x = 5.7 BW). Nor were any sig-
nificant differencesfound in the magnitude dof theinitial peak V GRF (heel
= 3.9 BW,; forefoot = 3.2BW). Steele and Milburn (in press) reported
that subjects who landed on the forefoot after receiving a high pass
demonstrated a significantly lower peak VGRF (x = 33 BW), ap-
proximately 1.2 BW lower than the value recorded for when subjects
landed on their hedl (x = 145 BW). Furthermore, the subjectswho landed
ontheforefoot generated asignificantly lower initial peak VGRF (x = 1.7
BW) compared to the three subjectswho landed on the heel o thefoot (X
= 44 BW). Theresultsd the present study therefore did not reflect the
earlier findingsd Steele and Milburn (in press); thefootfall pattern used
a landing did not attenuate the vertical forcesexperienced at landing.
The mean time to peak VGRF demonstrated in the 17 trialsin which
subjectslanded on the heel o the foot in the present study (31.2 ms) was
found to be similar to that recorded for the trials in which the subjects
landed on theforefoot (30.6 ms). Furthermore, theinitial timeto peak for
the two conditionswerenot found to besignificantly different (heel = 180
ms, férefoot = 165 ms). These results are aso in conflict with the pre-
viousfindingsof Steele and Milburn (in press) who reported that theseven
players who landed on the forefoot demonstrated a significantly longer
timetothe peak VGRF (x = 47.4 ms) than the time demonstrated by the
three hed-strikelanders (x = 21.0 ms). The mean time to the initial peak
V GRF recorded by Steele and Milburn (in press) for the forefoot strikers
(x11.7 ms) was found to be significantly shorter compared to landing on
theheel (x = 17.0 ms). Clarkeet al (1983) claimed that adelay in the onset
o the peak vertical force was advantageousasit represented a reduction

mny



in the rate at Which the vertical forceswere applied to the musculo-skele-
1al system. However, theinclusiondf an additional joint (the foot) in the
movement pattern during the present study did not lessen the potential for
injurieswhich result from high vertical forces, nor did it influencetherate
of loading of €ither the peak VGRF or theinitial pesk VGRF generated
at landing.

TABLE 2:

Kinetic data obtained at landing on the heel compared to landing en the
forefoot.

HEEL (n = 17) FOREFDOT (8 = 13)
Variable Mean (+SD) Range Mean (+SD) Rangs
Peak VGRF (BW) 535 (+09) 41-71 57 (#11) 34-74
Time toPeak VGRF (ms) 312 (+6.1) 220—420 306 E+6.5; 24.0.— 46.0
initial Peak VGRF (BW) 39 (+135) 1.7 -54 32 (+19 11-67
Time to Initial Peak 180 (+35) 120— 240 165 (+94) 60 —340
VGRF (ms)
Peak BrakingForce (BW) 3.3 (+0.6) 23-42 20 (+0.3) 15-25

Time to Peak Braking 305 (+4.6) 20.0- 380 239 (+10.3) 8.0 — 480
Force (ms)

Peak Resultant Force (BW) 6.0 (+1.0 4,
Time o Peak Resultant 317 (+4.0 26

Force (ms)

- 80 59 [(+1.2) 38 =T4
.0 305 (+64) 240 — 460

*indicatesa significant differenceat p<.05

BrakingForces

The results of the present study indicated that subjects g:n:_mh‘d S0
nificantly lower braking forces (F(1,28) = 53.45) when landing on the

forefoot (x = 20 BW) compared tolandingon the heel of thefoot (x =3.3
BW). Thistrend wasalso reflected in the resultsof the study by Steele and
Milburn (in press) wheresubjectswho landed on theforefoot after receiv-

ing a high pass demonstrated significantly lower braking forcesin com-
parison tosubjectswho landed on the hedl of thefoot. Thus, the results of

both studies support the finding that a forefoot footfall pattern can
decrease the magnituded thebrakingforcesexperiencedat |andingwhich
may, in turn, potentially decrease stress placed on the lower extremity.

No significant differencewasreported by Steele and Milburn (in press)
in the time to the peak braking forces recorded when subjectslanded on
the heel o the foot as compared to the forefoot. However, there was a
trend for the time to peak braking force to be shorter under the forefoot
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landing conditions. Statistical analysis of the results of the present study
supported the trend noted by Steele and Milburn (in press), indicating the
time to peak braking forcewassignificantly shorter (F(1,28) = 5.69) when
subjectslanded on theforefoot (x = 23.9 ms) in comparisontowhen jand-
ing on the hedl of thefoot (x = 305 ms). Thus, forefoot landingincreased
the rate of loading of the lower extremitiesas well as the risk of injuries
associated to high loading rates.

Resultant Ground Reaction Forces

Statistical analysisof the dataof the present study indicated there was no
significant difference in the magnitude o the peak resultant force

generated whenlandingon the heel (x = 6.0 BW) comparedto theforefoot
(X = 59 BW). Nor wasany significantdifferencefoundin thetimeto peak
resultant force between the two conditions(heel = 31.7 ms forefoot =
305 ms). Thus, it appeared that thefootfall pattern utilized at landing did
not influence the total resultant forceexperienced by the subjectsat land-
ing. Results pertainingto the resultant forces were not reported by Steele
and Milburn (in press). ) o

On the basis of the above resultsit would appear that the kinetic vari-
ableinfluencedto the greatest extent by thefootfall pattern demonstrated
a landing was the braking force. That is, utilization of a forefoot landing
|oatt(_arn decreased the magnitude of the braking forces experienced on a
anding which could decrease the stress placed on the ligamentsd the ar-
ticulations of the lower extremity, especidly at the knee (Steele and Mil-
burn, 1987a). However, aforefoot landing pattern also resulted in an in-
creased rate of loading of the braking forces which could increase the
potential for injuries associated with high loading rates.

CONCLUSIONS

B S el g St et oan b P PR RS ARl
training programmes based on correct teaching or coaching points.
However, results of the present study have demonstrated conflictsin the
current literature with respect to the influence of footfall patterns on im-
pact loadings experienced at landing in netbal. Consequently, the
development of "correct teaching points' pertaining to which footfallpat-
tern can best reduceimpact forcesfor the netball coachisshrugged in un-
certainty. Those subjectswho landed on the forefootin the present study
demonstrated no significantdifferencein the magnitudeor timing of either
the peak VGRF or theinitia peak VGRF in comparison to subjectswho
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landed on the heel. However, previous research indicated that a forefoot
landing could significantly attenuate the vertical impact forces. One point
of agreement between both studies is that subjects who landed on the
forefoot experienced a reduction in the magnitude of the peak braking
forceinlanding. Thisreduction may reduce thestress placed on the lower
extremity. However, the time to peak braking forces were significantly
shorter when subjectslanded on theforefoot in comparison towhen land-
ingon the heel of thefoot, indicating that the rate of loading of the brak-
ing forces were higher during aforefoot landing. Furthermore, previous
studies haveindicated it ismore natural for playerstoland on the heel of
the foot when receivinglower passes.

Thefindings of the present study, in conjunctionwith previousresearch,
appear tosupport the commentsof Clarke (quoted in Prokop, 1984, page
51):

Landing on the forefoot isless jarring than landing on the hedl. It'san

interesting old theory, but one not substantiated by research..... And |

think you'd be doing people a disservice if you ftell them 'You must
changeover to thistechniquebecause it's safer.

It istherefore concluded that prior to altering the footfall patterns of
netball players, further research must be conducted. Future research
should focuson the biological consequencesof landing on theforefoot as
compared to landing on the heel. It should a so focus on the influence of
changes in footfall pattern on total body mechanicsand the efficiency of
the skill of landing. "Such research would ensure any changes to landing
technigue are made on an informed basis and playersare coached to per-
form netball skillsin an efficient manner with the potentia for injury at a
minimum" (Steele and Milburn, in press).
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