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Biomechanical considerations of distance kicking in
Australian Rules football

KEVIN BALL

School of Human Movement, Recreation and Performance, Centre for Ageing, Rehabilitation, Exercise

and Sport, Victoria University, Melbourne, Victoria, Australia

Abstract
Kicking for distance in Australian Rules football is an important skill. Here, I examine technical aspects
that contribute to achieving maximal kick distance. Twenty-eight elite players kicked for distance while
being videoed at 500 Hz. Two-dimensional digitized data of nine body landmarks and the football were
used to calculate kinematic parameters from kicking foot toe-off to the instant before ball contact.
Longer kick distances were associated with greater foot speeds and shank angular velocities at ball
contact, larger last step lengths, and greater distances from the ground when ball contact occurred.
Foot speed, shank angular velocity, and ball position relative to the support foot at ball contact were
included in the best regression predicting distance. A continuum of technique was evident among the
kickers. At one end, kickers displayed relatively larger knee angular velocities and smaller thigh angular
velocities at ball contact. At the other end, kickers produced relatively larger thigh angular velocities
and smaller knee angular velocities at ball contact. To increase kicking distance, increasing foot speed
and shank angular velocity at ball contact, increasing the last step length, and optimizing ball position
relative to the ground and support foot are recommended.

Keywords: Australian Rules football, distance, drop punt, kick, kinematics, technique

Introduction

Australian Rules football is one of the most popular sports in Australia. Integral to Australian

Rules football is kicking and a desired element of any player’s skill set is the ability to kick the

ball long distances. This ability allows for goals to be scored from a greater distance and for

passes to be longer, increasing the difficulty of defending a particular kick as more options are

available to the kicker (Ball, 2007a). With many Australian Football League (AFL) teams

adopting a flooding defence, where all 18 of the opposition players move into the 50-m arc

area near the goal, players who can score from a position further from goal will become a

higher recruiting priority (C. Connolly, Senior AFL Coach, personal communication). The

advantages of longer kicking have game-based statistical support also, with Champion Data

analysis (official statisticians for the AFL) reporting that the number of effective long kicks

during a game was the major predictor in score difference between AFL teams (Forbes,

2003). Figure 1 shows a typical Australian Rules football drop punt kicking sequence.

In spite of the importance of kicking in Australian Rules football, little research has

examined the biomechanics of kicking (accuracy: Dichiera et al., 2002; left- vs. right-footed
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kicking: Cameron and Adams, 2003; muscle activation patterns: Orchard, Walt, McIntosh,

and Garlick, 2002). In the only paper to address distance kicking, Baker and Ball (1996)

examined junior elite Australian Rules football players who performed a drop punt for

maximum distance. The drop punt is the most frequently used kick in Australian Rules

football due to its accuracy for the kicker and ease of marking (catching) for the receiver.

Kinematic differences were identified by t-tests (P , 0.05) between a long kicking

group (n ¼ 12; kick distance ¼ 48.15 m) and a short kicking group (n ¼ 10; kick distance

¼ 43.20 m). At the top of backswing, the long kicking group positioned the shank of the

kicking leg at a position 188 above the horizontal compared with 78 for the short kicking

group (i.e. the ankle was positioned further above the knee in the vertical axis compared with

the short kicking group). In forward swing, the long kicking group exhibited a smaller

minimum knee angle (648 vs. 698) and greater maximum thigh angular velocity (9738/s vs.

9078/s) than the short kicking group. At ball contact, the long kicking group exhibited greater

shank angular velocity (15548/s vs. 14058/s) and knee angular velocity (15408/s vs. 13908/s)

than the short kicking group. However, while the long kicking group exhibited larger foot

speeds at ball contact, this was significant at P ¼ 0.07 only.

There has been no examination of technical elements of distance kicking among senior

elite Australian Rules footballers and no descriptive biomechanical data exist. To address this

lack of information, I examined two-dimensional aspects of the drop punt for distance using

elite AFL players to provide descriptive data for Australian Rules football kicking and to

identify important technical aspects of distance kicking.

Methods

Twenty-eight footballers contracted to an AFL football club at the time of testing kicked a

football for maximal distance (see Table I for player details). The venue was the regular

training and playing ground for the team. The distance kicking task had been performed as

part of training in the previous 4 weeks and thus the drill and test set-up were very familiar to

each of the players.

Testing was conducted using new Sherrin Australian Rules footballs (Sherrin, Australia;

official ball in AFL competition) inflated within the AFL specified pressure range of

67–75 kPa (Australian Football League, 2003). Two markers were placed on the ground side

Figure 1. Drop punt kick sequence.

Table I. Characteristics of the players (n ¼ 28).

Age (years) Height (m) Mass (kg) Years on AFL list

Mean 23.2 1.85 90.5 4.0

Maximun 30.4 2.11 115 10

Minimum 18.0 1.74 77 1

Biomechanical considerations of distance kicking 11
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by side to define the kick line from which players kicked the ball (Figure 2). In the region

where the ball would land after the kick, marker pairs were placed 10 m apart and at 1-m

intervals starting at 40 m and continuing to 75 m. A tester was placed near this area to mark

the point of contact with the ball on the ground and to measure the distance kicked. The

distance was measured to the nearest marker. The horizontal distance from the kick line

marker to the ball at ball contact was digitized to add (or subtract) from the total distance

recorded. The same tester also measured wind velocity at ground level using a wind meter.

As there is no indication in the literature as to what constitutes a “wind advantage”, a

threshold of 2 m/s was set as the cut-off for “legal” kicks. To confirm the threshold’s

appropriateness, the opinions of three AFL coaches were sought (when wind conditions

reached 2 m/s) and all considered it to be insignificant to distance. Wind conditions did not

pass this threshold and thus no kick was eliminated based on this criterion.

Video was captured for each kick using a Redlake Motionscope PCI 1000 high-speed

video camera (Redlake, San Diego, USA; monochrome, 512 £ 512 pixel resolution)

sampling at 500 Hz and stored to disk. Players performed up to five kicks until they produced

a good kick as defined by the player and the kicking coach as typical for that player and at

least to the distance they had kicked in previous tests. This kick was chosen for further

analysis.

Video footage of each player was digitized using Silicon Coach analysis tools. The two-

dimensional analysis approach has been used in previous work to examine the Australian

Rules football kick (e.g. Baker and Ball, 1996; Macmillan, 1976). This system was evaluated

for accuracy prior to analysis using known measures recorded in the field of view. Known and

digitized values were within 1% of each other, thus confirming the appropriateness of this

system for two-dimensional analysis.

Nine points (seven body landmarks, two points on the football) were digitized for each

frame from toe-off of the kick foot to the frame immediately preceding ball contact

(Figure 3). To avoid measurement issues that exist when analysing kinematic data across

impacts (e.g. Knudson and Bahamonde, 2001), no evaluation of the impact phase was

performed. The last frame analysed (i.e. the instant before ball contact) is referred to as ball

contact for this paper. Single-frame digitizing was used for ball drop height as the ball was

released from the hand before kick foot toe-off. Last step distance was evaluated by digitizing

the kick foot heel when it was on the ground during the penultimate step and then the

support foot heel (last footfall before ball contact) when on the ground. Each point for each

frame was digitized twice with the average of the two points used in further analysis.

Figure 2. Test set-up.

K. Ball12
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Digitized XY coordinates were transferred to Microsoft Excel. Data were padded with

50 points at the start and end of the digitized sequences to avoid smoothing endpoint

problems. For this purpose, the 50 frames from toe-off were mirrored and added to the start

of the sequence, while the 50 frames before ball contact were mirrored and added to the end

of the sequence. This number of padded points was higher than that used in the literature

(e.g. 15 points for moment data: Nunome, Lake, Georgakis, and Stergioulas, 2006) but

visual inspection of the raw and smoothed data in this study indicated 50 was appropriate.

Data were smoothed using a Butterworth digital filter with cut-offs between 8 Hz and 12 Hz.

These cut-offs were determined using a combination of residual analysis, visual inspection of

raw and smoothed curves, and observation of the influence of different cut-offs on parameter

values (Ball, Best, and Wrigley, 2001). Measures taken from single-frame analysis (ball

drop height, last step distance, ball position at ball contact) were not smoothed.

Nineteen kinematic parameters were calculated from digitized data (see Table II below).

For all velocity measures, a 3-point central differences method was used (Nakamura, 1993;

3-point, 5-point, and 9-point difference methods all produced similar results, so the simplest

was chosen). To reduce the number of parameters examined in statistical analyses, a

combination of principal components analysis, cross correlations, and theoretical assessment

Figure 3. Identification and definition of points digitized in each frame.

Biomechanical considerations of distance kicking 13
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was used to identify factors among these parameters as used by Ball and colleagues

(Ball, Best, and Wrigley, 2003). Principal components analysis was performed using SPSS

13.0, using the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy of ,0.06,

varimax rotation, and a cut-off of 0.56 for parameter inclusion in a factor (P , 0.001 for 28

data points). The number of factors chosen was based on an eigen-value greater than 1. Only

groupings with two very large (.0.70) or three large (.0.60) loadings were considered to

Table II. Means and standard deviations for measured parameters (n ¼ 28), together with parameter definitions. All

parameters relate to the kick leg unless stated. Time–based parameters are measured to ball contact.

Parameter Definition Mean s

Distance (m) From ball position at ball contact

relative to the kick line to

the landing point

61 4

At ball contact

Foot speed (m/s) Midpoint between ankle and toe

(approximate centre of ball contact on foot)

26.4 1.2

Foot to ball distance (m) The horizontal distance from the heel

of the support foot to the centre of the ball

0.48 0.13

Ball height (m) The vertical distance from the ground

to the centre of the ball

0.20 0.04

Knee angle (8) Angle between the thigh and shank 139 7

Knee angular velocity (8/s) Angular velocity of the knee 1364 253

Hip Angle (8) Angle between the thigh and the trunk

on the anterior aspect of

the player (trunk defined by the

average of both shoulders and average

of both hips as used by Lees and Nolan, 1998)

154 10

Hip linear velocity (m/s) Linear velocity of the hip of the kicking leg 5.0 1.5

Thigh angle (8) Angle between the thigh, defined by the hip

and knee digitized points, and the horizontal

137 7

Thigh angular velocity (8/s) Angular velocity of the thigh segment 313 185

Shank angle (8) Angle between the shank, defined by

the knee and ankle digitized points,

and the horizontal

97 5

Shank angular velocity (8/s) Angular velocity of the shank segment 1676 132

Maxima and minima

Minimum knee angle (8) 65 7

Time of minimum knee angle (s) 0.073 0.007

Maximum knee angular velocity (8/s) 1485 258

Time of maximum knee angular

velocity (s)

0.008 0.005

Maximum hip angle (8) 216 16

Time of maximum hip angle (s) 0.161 0.044

Maximum hip linear velocity (m/s) 7.1 1.2

Other parameters

Last step distance (m) Distance between the heel of the

kick foot when in contact with

the ground to the toe of

the support foot when in contact

with the ground

1.74 0.15

Ball drop height (m) Vertical distance from wrist of the

ball drop hand to the ground (the ball

was partially obscured by the hand,

so wrist rather than ball height

was used for this parameter)

1.18 0.09

K. Ball14
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indicate factors. Thiswas slightlymore liberal than that recommended byTabachnick andFidell

(1996), who advocated three very large of four large loadings to be considered a factor; however,

as the present analysis represented new and exploratory work, our approach was warranted.

Linear and curvilinear relationships (second- and third-order polynomials) were examined

between distance and parameters chosen from factor analysis (see Table III below). This

analysis was performed using the correlation function for linear relationships and the curve

estimation function for curvilinear relationships in SPSS 13.0. The choice of which curve fit

best described the relationship (linear, second- or third-order polynomial) was based on

visual inspection of scatter plots, on R 2 and P values produced for each fit, and the

significance test developed by Hayes (1970) to assess if a higher-order polynomial was

significantly different to the previous one. Bootstrapping techniques as outlined by Zhu

(1997) were used to obtain a 95% confidence limit for each analysis. An alpha level of

P ¼ 0.05 was set for significance. Large (r . 0.5), medium (r . 0.3), and small (r . 0.2)

effect sizes as defined by Cohen (1988) were used to provide more information for each

analysis. Post-hoc analysis also included one-way analysis of variance and effect sizes were

defined as large (h 2 . 0.12), medium (h 2 . 0.06), and small (h 2 . 0.02).

Best subsets regression (Minitab 11) using a combination of Mallow’s Cp (total square

error) and best multiple R 2 assessment, as recommended by Daniel and Wood (1980), was

used to determine the “best” regression equation for the data. Briefly, a regression equation

was calculated for all possible combinations of independent variables along with the total

square error (Cp) for the regression. The combination of parameters chosen to represent the

best subset regression was based on the largest R 2 value for the smallest Cp (error) value.

Tabachnick and Fidell (1996) recommend this approach if the parameter to case ratio is low.

To adhere to the recommended ratio of cases per parameter of at least 5:1 (Tabachnick and

Fidell, 1996), only solutions with five or fewer parameters were considered. This process has

been used in previous sports biomechanics applications (e.g. Ball et al., 2003).

Once the best subset regression was chosen, a full standard linear regression analysis was

performed in SPSS 13.0. The need to perform both best subsets and full regression was due to

the limited output of data from the best subsets regression. While best subsets identified the best

regression for a given set of data and outputs over all R 2 and error values, it does not output

information such as change inR 2 for individual parameters in the regression. As such, the use of

full regression was not a separate analysis from best subsets. Rather, it was a repetition of the

same analysis using software that would output more information. Diagnostics included degree

of fit statistics (DFIT – indicates single cases that have a large influence on the result; cases .1

were considered influential) and Mahalanobis distance (indicates multivariate outliers). Any

case (player) that failed diagnostic tests was eliminated and the regression was re-analysed. An

alpha level of P ¼ 0.05 was set for inclusion in the regression.

To determine if the regression was robust, a two-thirds sub-sample was drawn from the 28

players and re-analysed. Parameters that were included at P , 0.05 were considered robust

Table III. Significant relationships between distance and kinematic parameters (n ¼ 28).

Confidence limits

r P 2.5% 97.5%

Foot speed 0.68 0.00 0.51 0.81

Shank angular velocity at ball contact 0.44 0.02 0.31 0.75

Last step distance 0.41 0.03 0.08 0.69

Ball height at ball contact 0.38 0.04 0.02 0.64

Biomechanical considerations of distance kicking 15
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(Ball and Best, 2007). This was an adaptation of the method suggested by Tabachnick and

Fidell (1996) where the group was halved and separate regressions performed on each.

Due to the small sample size, a two-thirds sub-sample was considered more appropriate.

Results

Table II reports means and standard deviations for the measured parameters. Figure 4 shows

the results of factor analysis. Seven factors consisting of between two and seven parameters

were identified. From each factor, one parameter was chosen to represent the factor. This

choice was based on significant findings in previous research in kicking studies.

Table III reports significant relationships between distance and kinematic parameters. All

significant relationships were linear. Foot speed was the parameter most strongly correlated

with distance, with a large effect size. Shank angular velocity at ball contact was the next

strongest, with a medium effect size. Last step distance and ball height at ball contact also

returned significant medium effects, although lower confidence limits suggested no effect. It

should be noted that measures such as last step distance, ball drop height, and ball position at

ball contact were also expressed as a percentage of player height amid timing data was also

expressed as a percentage of the time between kick foot toe off and ball contact. However, in

Figure 4. Factor analysis of parameters used to describe the maximal Australian Rules football kick for distance.

BC ¼ ball contact.

K. Ball16
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no case did these parameters indicate a different correlation coefficient than the absolute

measures and none were included in regressions.

The regression including foot speed, shank angular velocity, and foot to ball distance at

ball contact was chosen from best subsets analysis (represented by the circled data point

associated with three parameters in Figure 5). While the four- and five-parameter regressions

also produced values near the Cp ¼ p line, both contained parameters that were not

significant at P , 0.05 for entry into the regression. This regression explained 67% of the

variance in distance and was significant at P , 0.05. Changes in R 2 values (DR 2) for each

individual parameter were also significant. However, only foot speed was robust, as indicated

by being significant in replication regressions. Table IV reports regression analyses for this

combination of parameters, with and without outliers as well as two-thirds subset analyses.

Discussion and implications

Descriptive data

Foot speed at ball contact (26.4 m/s) was similar to that reported for elite soccer players (e.g.

25.6 m/s: Anderson and Sidaway, 1994; 28 m/s: Asami and Nolte, 1990). While the values

were considerably higher than those reported by Baker and Ball (1996) for Australian Rules

football players, these players were only 16–17 years old and the distance kicked was

considerably shorter than that kicked by the group in the present study (48 m vs. 61 m). The

values were also higher than those reported by Macmilllan (1976) for elite Australian Rules

football players (23.5–23.7 m/s). However, Macmillan (1976) compared three different

kicks, one of which is not used to attain maximal distance (stab kick), thus mean values

would be expected to be higher in this study.

Shank angular velocity at ball contact (1676o/s) was similar to values reported for

experienced soccer players (16108/s: Dorge, Bull Andersen, Sorensen, and Simonsen, 2002).

This value was greater than the 15548/s reported by Baker and Ball (1996) for their long

kicking group, although with the higher foot speeds and distance of kick in this study, this

difference is reasonable.

Figure 5. Cp-p plot for best subsets regression predicting distance from kinematic parameters. Likely solutions

circled.
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Knee angular velocity at ball contact (1364o/s) was less than the 15408/s for the long

kicking group and the 13908/s for the short kicking group in the study of Baker and Ball

(1996). For the combination of larger shank angular velocities and foot speeds but smaller

knee angular velocities to occur, thigh angular velocity at ball contact must have been greater

in the players tested in the present study (this parameter was not reported by Baker and Ball,

1996). Further analysis indicated a large negative effect between knee angular velocity and

thigh angular velocity at ball contact in the present study (r ¼ 20.90, P , 0.001). This

suggested that when thigh angular velocity was large, knee angular velocity was small and

vice versa and raised the possibility that different methods are used to generate kick distance

for different individuals. Some players used a thigh strategy (more thigh angular velocity and

relatively less knee angular velocity) whereas others used a knee strategy (more knee angular

velocity and less thigh angular velocity).

To explore the thigh–knee angular velocity continuum, kickers were sorted by the ratio

between thigh angular velocity and knee angular velocity at ball contact. The 10 players with

the largest ratio were used to indicate the thigh strategy and the 10 players who produced the

lowest ratio were used to indicate the knee strategy. This method was used as there was no

distinctive separation between high knee angular velocity and high thigh angular velocity

players (i.e. the data represented a continuum). Parameters in Table II that were significantly

different between groups are presented in Table V.

Technical differences existed between the knee strategy and the thigh strategy in technical

parameters but not performance indicators. Neither foot speed nor distance was significantly

different, indicating similar performance was produced at either end of the continuum.

However, technical differences were observed. As anticipated, knee angular velocity, thigh

angular velocity, and the ratio of knee angular velocity to thigh angular velocity were all

significantly different. Furthermore, maximum knee angular velocity was larger and

minimum knee angle smaller in the knee strategy group. Both would seem to be logical with a

greater range of motion of the knee allowing for more knee angular velocity to be developed.

Table IV. Regression analyses with distance as the dependent variable.

Individual parameters

Regression

Foot

speed

Shank

angular

velocity at

ball contact

Foot to ball

distance at

ball contact

FULL (n ¼ 28) R 2 / DR 2 0.67 0.48 0.12 0.07

P ,0.001 0.001 0.019 0.043

Minus 2 influential cases R 2 / DR 2 0.78 0.56 0.10 0.12

P ,0.001 ,0.001 0.033 0.020

SUBSET 1 (n ¼ 19 minus 5

influential cases)

R 2 / DR 2

P

0.89

,0.001

0.79

,0.001

0.09

0.037

0.01

0.419

SUBSET 2 (n ¼ 19 minus 1

influential case)

R 2 / DR 2

P

0.79 0.61

,0.001

0.09

,0.001

0.10

0.050 0.030

SUBSET 3 (n ¼ 19 minus 1

influential case)

R 2 / DR 2

P

0.82

,0.001

0.46

,0.001

0.11

0.066

0.16

0.003

Note: Regressions with outliers or influential cases removed are also reported.
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Also different was the hip angle at ball contact, with a smaller hip angle (i.e. the thigh was

more flexed) produced by the thigh strategy group.

Within-strategycorrelation analysis indicated foot speed wascorrelatedwithdistance for both

groups, but differences existed among other parameter relationships (Table VI). For the knee

strategy, shank angular velocity and knee angular velocity were correlated with distance. For the

thigh strategy, a larger last step distance was correlated with distance. The number in each

group makes these analyses statistically weak but it was useful to pilot the possibility of strategies

within the data set. This is an important direction for future research, because if different

mechanisms exist (or if the combination of these parameters lies on a continuum), it will directly

affect how the kicking skill should be trained and conditioned for different individuals. For

example, thigh strategykickersmight relymore on the hip flexors todevelop foot speed and force

at ball contact, while knee strategy kickers rely on the knee extensors.

The minimum knee angle during forward swing of 658 was similar to the 648 reported for

the long kicking group by Baker and Ball (1996). Knee angle at ball contact (1398) was

smaller than the 1508 reported by Baker and Ball (1996). This finding (in both studies) is

important, as the knee is clearly not straight at ball contact as has been recommended in the

coaching literature (e.g. Parkin, Smith, and Schokman, 1984).

There are no Australian Rules football comparison data in the literature for hip angle at

ball contact. The value of 1548 was similar to the 149–1588 reported by Lees and Nolan

(1998) for soccer players, although this comparison is limited because three-dimensional

analysis was used by Lees and Nolan (1998). No comparison data exist in the literature for

the remaining parameters in this study.

Statistical analysis

Foot speed was the major contributor to kicking distance, with larger foot speeds being

associated with longer distances (r ¼ 0.68 with a likely range of r ¼ 0.51 to 0.81). This result

was strongly supported by the large effect size, its robustness in replication analyses, and was

significant at both ends of the knee–thigh angular velocity continuum. This provided strong

support for the importance of foot speed in distance kicking, a factor that was significant only

at P ¼ 0.07 between the long and short kicking groups studied by Baker and Ball (1996).

Macmillan (1976) and Asami and Nolte (1990) reported strong associations between foot

speed and ball speed in Australian Rules football and soccer respectively. These authors did

not report distances, but given that the correlation between ball speed and distance was

Table V. Foot speed, distance, and parameters significantly different between the thigh strategy and the knee strategy

(t-tests, P , 0.05).

Thigh strategy

(n ¼ 10)

Knee strategy

(n ¼ 10)

Distance (m) 61 62

Foot speed (m/s) 26.3 26.9

Significantly different (P < 0.05)

Ratio (thigh angular velocity at ball contact–knee

angular velocity at ball contact)

0.44 0.08

Knee angular velocity at ball contact (8/s) 1151 1616

Thigh angular velocity at ball contact (8/s) 485 117

Hip angle at ball contact (8) 137 149

Maximum knee angular velocity (8/s) 1265 1731

Minimum knee angle (8) 71 63
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strong in the present study (evaluated post hoc: r ¼ 0.73, P , 0.001), this finding shares

similarities with these studies.

Shank angular velocity at ball contact was the next most strongly correlated parameter

with distance (medium effect size with a likely range of r ¼ 0.31 to 0.75). Correlation

analysis indicated that a larger shank angular velocity at ball contact was associated with

greater distance. This supports the results of Baker and Ball (1996), who found a

significantly larger shank angular velocity at ball contact for their long kicking group.

A longer last step was associated with greater kick distance. A longer last step might allow

for more hip extension and thigh range of motion, which in turn increases the potential to

develop greater foot speed. This possibility was supported by the significant positive effect

between last step distance and maximum thigh angle (r ¼ 0.41, P ¼ 0.03). A smaller

minimum knee angle was associated with a longer last step (r ¼ 20.37, P ¼ 0.04), indicating

an increased range of movement at the knee was also facilitated. Although lower confidence

values indicated there might be no effect for the relationship, the strong theoretical basis,

support from soccer kicking, and a large effect for the upper confidence value indicated that

this result is likely.

The position of the ball relative to the foot and ground was important. The height of the

ball at contact was correlated with distance, with a higher position being associated with

longer kicks. The position of the ball relative to the foot was included in the best regression

and indicated longer kicks were produced when the ball was further from the support foot.

Ball position relative to the support foot has been indicated as an important variable in soccer

kicking (Hay, 1985) and the present results would suggest this is the case in Australian Rules

football kicking. Although it appeared to be linear, it is likely that this relationship was

optimal, because if the ball were too high it would adversely affect ball trajectory or if too far

from the body would require “reaching” to kick. Regardless, this would seem to be a

parameter worth monitoring in the coaching environment.

There is still variance in distance that was not accounted for by the parameters measured.

It is possible that some of this will be associated with the nature of impact, reported by

various authors as important for kicking tasks (e.g. Asami and Nolte, 1990; Ball, 2007b;

Plagenhoef, 1971). Bull-Andersen and colleagues (Bull-Andersen, Dorge, and Thomsen,

1999) reported that the resultant ball velocity in soccer kicking was due to foot speed and the

coefficient of restitution between foot and ball. Although differences exist between the kicks

(notably thigh angular velocity is not zero at ball contact), the coefficient of restitution might

also influence Australian Rules football kicking. Ball flight characteristics could also alter

these results, as different angles of trajectory and spin rates of the ball will alter how the ball

flies through the air. Although ball flight characteristics were originally analysed, these

measures could not be obtained reliably and so were not included.

Table VI. Significant relationships between distance and kinematic parameters for the knee strategy kickers (n ¼ 10)

and the thigh strategy kickers (n ¼ 10).

Knee strategy Thigh strategy

r P r P

Foot speed 0.77 0.01 0.65 0.05

Knee angular velocity at ball contact 0.63 0.05 20.24 0.51

Shank angular velocity at ball contact 0.83 0.00 0.00 1.00

Last step distance 0.27 0.46 0.57 0.09
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Given the strong association between foot speed and distance, the technical components

associated with foot speed were examined post-hoc. Regression analysis (following the same

method used for distance and including variables defined in Table II) accounted for 53% of

the variance in foot speed (R 2 ¼ 0.53, P , 0.001). Maximum linear hip velocity accounted

for 40% of the variance in foot speed, while shank angular velocity at ball contact accounted

for 13%. Correlation analysis indicated larger values for both parameters were associated

with larger foot speeds. Macmillan (1976) reported linear hip velocity to be significant in

regressions predicting foot speed. It was of importance that simply increasing approach

speed (as indicated by hip velocity) had a strong influence on foot speed, as it is an easily

controlled variable for the player.

Future work in Australian Rules football kicking needs to examine three-dimensional

kinematics. Although, for all kickers, most of the kick leg movement from start of forward

swing to ball contact was in plane, some adopted a slightly angled approach. Also, pelvic

rotation about a vertical axis might also be a contributing factor. More thorough evaluation

of pelvic motion is necessary to determine if it has any relationship with performance or

injury in kicking. Examination of ball flight characteristics such as trajectory angles and spin

rates would be useful, as the shape of the ball is highly influential in kicking performance.

Finally, it would be useful to include players of different skill as well as to examine the

development of kicking from junior to senior standard to provide scientific support for

development pathways.

Coaching recommendations

To increase kicking distance in Australian Rules football, it is recommended to increase foot

speed and shank angular velocity at ball contact. Conditioning and skill drills that promote

greater foot speeds and shank angular velocities, such as simply kicking for maximal distance,

which Ball (2007a) found to increase distance, might be useful methods of training this skill.

Increasing foot speed can be obtained by increasing approach speed such that the hip of the

kick leg is moving faster towards the target during the last step. Increasing the length of the last

step is also recommended, but this step should be proportional to approach speed as over-

striding is likely to be detrimental to the kick. Contacting the ball when it is further from the

body and higher from the ground at ball contact should also be attempted. However, this

factor needs to be monitored carefully to determine an optimal point for each player, as if the

ball gets too far in front reaching will occur, or if too high the ball trajectory will be too vertical.

Conclusion

Descriptive data have been reported for the Australian Rules football kick. Values of foot

speed, shank angular velocity at ball contact, and maximum knee angular velocity were

similar to those reported for soccer kicking. These data provide a much needed reference

point for Australian Rules football kicking, an area that is under-researched.

Several technical elements were important to kicking longer. Greater foot speed was the

major contributor to kicking an Australian Rules football ball for maximal distance. Larger

shank angular velocities at ball contact and a larger last step were also associated with longer

kicks. Ball position at contact was important, with longer distances being produced in kicks

where the ball was positioned higher off the ground and further from the support foot. This

relationship is likely to be optimal, as a ball position that is too high or too far from the body is

likely to have an adverse effect on distance kicked. For increasing foot speed, a larger
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maximum hip linear velocity in the last stride into ball contact and a larger shank angular

velocity at ball contact were indicated.

An area for future research is the different strategies identified in this study. Some players

used a thigh strategy, where large thigh angular velocity was attained at ball contact with a

relatively low knee angular velocity. Others used a knee strategy, where a large knee angular

velocity and a low thigh angular velocity were produced at ball contact. If two strategies exist,

or if there is a continuum of movement, different movement cues and conditioning

recommendations will exist for the two strategies.
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