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Abstract
Kicking with the non-preferred leg is important in Australian Football and becoming important in the rugby codes. The aim
of this study was to examine differences between preferred and non-preferred leg kicking in the drop punt kick. Seventeen
elite Australian Football players performed kicks with the preferred and non-preferred leg. Optotrak Certus collected
kinematic data of the kick leg and pelvis (200 Hz) from kick leg toe-off until ball contact. Foot speed, knee and shank angular
velocity at ball contact, and pelvis range of motion were significantly larger for the preferred leg (P5 0.05). In contrast, hip
and thigh angular velocity at ball contact and hip range of motion were significantly larger for the non-preferred leg. This
indicates different movement patterns, with preferred-leg kicks making greater use of the pelvis, knee, and shank while non-
preferred leg kicks rely relatively more on the hip and thigh (P5 0.05). Reasons for this difference might be due to locking
degrees of freedom or sub-optimal sequencing in the non-preferred leg. The thigh–knee continuum identified by Ball (2008)
was also evident in this study. Findings have implications for training non-preferred leg kicking for performance and injury
prevention.

Keywords: Australian Football, drop punt, technique

Introduction

The drop punt kick is used extensively in Australian

Football, rugby league, and rugby union. It involves

releasing the ball from the hands at approximately

hip height (Ball, 2007) such that it drops towards the

kick leg foot with ball–foot impact occurring 0.1–

0.3 m from the ground (Ball, 2008). At ball contact,

the ball is oriented with its long axis approximately

vertical. The foot contacts approximately three-

quarters of the way down the ball such that a

backspin flight is produced where the two ends of the

ball rotate over each other. This spin gives the ball

better stability through the air compared with other

more erratic ball flights such as a floater (where no

spin occurs and the ball ‘‘floats’’) or the spiral punt,

which moves laterally as well as towards the target.

It is used for its superior accuracy and, in the case

of Australian Football, its ease of catching for the

receiver.

The ability to kick with either leg has become an

essential attribute for Australian Football players and

is beginning to be developed in rugby league and

union as a ‘‘surprise tactic’’ and as an approach to

avoid defensive strategies designed to negate a team’s

kicking game. In the Australian Football League

(AFL, elite Australian Football competition), game

analysis of kicking prevalence reported 20% of kicks

were performed with the non-preferred leg (Ball,

2003). Furthermore, some players kicked up to 45%

of their kicks on their non-preferred side. In rugby

union, coaching texts encourage kicking with the

leg furthest from the defender (e.g. Biscombe &

Drewett, 1998). Given the increased importance of

tactical kicking in rugby union (Lim, Lay, Dawson,

Wallman, & Anderson, 2009), the ability to kick with

either leg provides more options for these tactical

kicks.

Few studies have examined preferred and non-

preferred leg punt kicking but all have found reduced

performance in the non-preferred leg. Smith and

colleagues (Smith, Ball, & MacMahon, 2009)

compared ball to foot impact characteristics of

maximal preferred and non-preferred leg drop punt

kicks for 18 elite senior Australian Football players.
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Higher foot speeds before ball contact and higher

ball speeds immediately after the ball had left the foot

were found for the preferred leg. Interestingly, there

was no difference in the ratio of foot speed to ball

speed and although a small effect was observed

(P¼ 0.055, effect size d¼ 0.025), it was substantially

lower than the large effect sizes for the difference in

foot speed (d¼ 1.77) and ball speed (d¼ 1.32).

Nunome and colleagues (Nunome, Ikegami, Koza-

kai, Apriantono, & Sano, 2006) reported a similar

finding for soccer; they suggested foot speed and not

the nature of impact is more important for perfor-

mance in soccer. However, this postulated mechan-

ism for soccer kicking was in contrast to Dorge and

colleagues (Dorge, Bull Andersen, Sorensen, &

Simonsen, 2002), who suggested that transfer of

velocity (momentum in physics terms) from the foot

to the ball was the reason for higher ball speeds with

the preferred foot. Regardless, ball speed for kicking

with the non-preferred foot was lower for both soccer

studies.

Two studies have examined EMG patterns of

preferred and non-preferred leg punt kicks. Bauer

(1983) reported EMG activity was similar between

the preferred and non-preferred leg kicks for rugby

players. Bauer suggested differences in performance

between kick legs were due to poorer inter-segmental

motion of the non-preferred leg, although this was

a qualitative assessment of kinematic data with

the data not presented. Orchard and colleagues

(Orchard, Walt, McIntosh, & Garlick, 2001) exam-

ined EMG patterns of four muscle groups for four

elite Australian Football kickers performing maximal

drop punt kicks. The researchers also reported

similar muscular activity for both kick legs with no

significant differences in amplitude or activity.

The hand that drops the ball has been reported to

influence performance in rugby punting (Pavely,

Adams, Di Francescio, Larkham, & Maher, 2010).

Rugby players were found to produce less distance

and accuracy when using their non-preferred leg to

perform a clearing kick from defence. Players were

required to kick for distance with either the preferred

or non-preferred leg in response to a signal from a

tester. The authors reported that while ball delivery

came from the ipsilateral hand for 84% of kicks on

the preferred leg, only 30% of kicks were performed

in this manner for the non-preferred leg with players

either using the contralateral hand or both hands

together. Pavely et al. (2010) suggested this affected

the biomechanics of the kick and contributed to the

reduced performance, although these mechanics

were not evaluated further. There have been no

evaluations of drop hand in Australian Football

players but contralateral and two-handed drops

are non-existent in elite Australian Football and

uncommon at lower levels.

Preferred and non-preferred leg kicks have been

examined and compared more thoroughly in soccer.

Higher foot and ball speeds have been consistently

found for the preferred leg (e.g. Barfield, 1995;

Dorge et al., 2002; Nunome et al., 2006). However,

the reasons for this have varied. Dorge et al. (2002)

performed a kinetic analysis of seven skilled soccer

players performing maximal instep kicks with both

legs. Dorge et al. (2002) found that the better

performance of the preferred leg was due to a better

inter-segmental patterning and transfer of velocity

(momentum) to the ball. In contrast, Nunome et al.

(2006) found that segmental patterning was not

different between kick legs for six elite players.

Rather, the researchers found a greater knee exten-

sion moment for the preferred leg and suggested

muscular strength was responsible for the difference

in performing this task. Nunome et al. (2006)

suggested skill might have contributed to this finding

but clearly more work in this area is needed to

resolve this conflict.

Currently there are no kinematic comparisons of

preferred and non-preferred leg punt kicking in the

literature. Kinematic information is important to

assist with development of the skill of non-preferred

leg kicking and importantly kinematic analyses can

provide specific and readily usable cues for coaches

and players that they can more readily relate to.

Furthermore, exploring kinematic differences in the

first instance can direct subsequent kinetic analyses.

The aim of this study was to compare preferred

and non-preferred leg kinematics for the drop punt

kick.

Methods

Seventeen Australian Football players contracted to

one of three AFL clubs at the time of testing

participated in this study (mean age 23.5+ 1.6

years; height 1.87+ 0.16 m; mass 87+ 8 kg; years

on AFL list 4.2+ 2.3). All wore attire and boots that

they currently used at training. After a standardized

warm-up and familiarization kicks, each player

performed a minimum of three kicks with each leg

using a self-selected run-up of up to 5 m. A Sherrin

Football (Sherrin, Australia; official ball in AFL

competition, inflated within the AFL specified

pressure range of 67–75 psi) was kicked into a net

placed 4 m from the kick area. Players were

instructed to kick as if they were performing a

45 m pass kick (a specific task they perform

frequently in training). All players reported being

comfortable with the test set-up and with their kick

performance during testing. All methods in this

study received approval from the university ethics

committee and players signed an informed consent

form prior to testing.

1546 K. A. Ball
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Prior to the warm-up, clusters of infra-red light-

emitting diodes (LED) were secured to curved

plastic rigid plates, which were then placed on the

pelvis, thigh, and shank of both legs. Rigid bodies

were used due to their superior accuracy compared

with single markers (Manal, McClay, Stanhope,

Richards, & Galinat, 2000; McClay & Manal,

1999). These rigid bodies were attached to neoprene

belts firmly wrapped around the pelvis, thigh, and

shank of the participant with the rubber side in

contact with the skin to prevent slippage. Each

cluster was further secured with a second wrap over

the top of the cluster (but not obscuring the LEDs).

Thigh clusters and shank clusters were placed

laterally and towards the distal end of each segment

due to reduced soft tissue artefact in these areas

(Stagni, Fantozzi, Cappello, & Leardini, 2005). The

pelvis cluster was placed on the sacrum. To measure

foot speed, a single LED was placed on the head of

the 5th metatarsal of each foot. All participants

reported feeling comfortable with the set-up and

could move without restriction.

Anatomical landmarks were located at the pelvis

(left/right iliac crests and posterior superior iliac

spines), hip (left/right greater trochanter), knee

(medial/lateral epicondyle), and ankle (medial/lateral

malleolus) using a digitizing probe (Northern Digital

Inc., Canada). Determination of joint centres was

performed using methods outlined by Schwartz and

Rozumalski (2005) within Visual3D software. Spe-

cific movement tasks for obtaining relative motion of

adjoining segments at the knee and hip for both legs

were performed (Stagni, Leardini, Cappozzo, Grazia

Benedetti, & Cappello, 2000). The functional knee

task required a flexion and extension motion to be

repeated three times. The functional hip task

involved performing controlled flexion, extension,

adduction, and abduction range of motion. For the

thigh segment, the palpated medial and lateral

epicondyles were re-positioned by projecting them

along a vertical plane onto the functional knee axis.

The new medial and lateral epicondyle landmarks

were used to describe the anatomical frame for the

shank and the thigh. The hip joint centre was

determined by a single point based on the helical

axis method described by Schwartz and Rozumalski

(2005). The orientation of the pelvis was determined

by the functional hip joint centre and the iliac crest

landmark.

During each test kick, three-dimensional data were

collected using Optotrak Certus System (Northern

Digital Inc., Waterloo, Canada, root mean square

error of 0.15 mm) operating at 200 Hz. Two

different set-ups were used due to camera tower

availability at the time of testing. For test set-up 1

(N¼ 6 participants), only one tower was available

and data collection was limited to kick leg foot,

shank, and thigh only. For the remaining 11

participants, a three-tower set-up was used (one

camera each side of the kick and one camera behind

the kick). For these participants, hip and pelvis

data were obtained in addition to thigh, shank, and

foot data.

Displacement data from kick leg toe-off to the

instant before ball contact were then transferred to

Microsoft Excel. Toe-off was identified using force

plate data (two force plates were located under the

kick area – an AMTI LG6-4 and an AMTI OR6-5-1,

Advanced Mechanical Technologies, Inc., Water-

town, MA) to detect the instant at which Fz under

the kick foot became zero. When a player did not

wholly contact the force plate, toe-off was identified

from a combination of observation of side-on video

footage (200 Hz) and the representation of the body

model in Visual 3D. Ball contact was identified from

a combination of video, foot velocity calculated from

raw data, and model representation in Visual 3D

with timing relative to toe-off and similarity of shank

angles (between video and motion 3D) used to

support this identification. A microphone trigger was

initially used to detect the sound of ball contact but

as the point of contact was not consistent, the

difference in distance between the foot and micro-

phone became significant and could change the

identified ball contact frame and so was not used.

Fifty padding points (mirrored to the previous

50 points of real data as used by Ball, 2008) were

added to the start and end of the sequence before

smoothing to avoid endpoint problems. Data were

then smoothed with a Butterworth digital fourth-

order filter with a cut-off of 12 Hz (chosen based on

visual inspection of data and similar cut-off values

used in previous studies examining the drop punt,

e.g. Ball, 2008). Linear foot velocity and angular

velocities of the pelvis, hip, thigh, knee, and shank

were then calculated from these data using the three-

point central differences method. Joint angles were

calculated as anatomical angles with the pelvis used

as the coordinate system for the hip, while the knee

axis was measured as a 3D angle between thigh and

shank. The thigh and shank segments were calcu-

lated relative to the global axis. Pilot work with the

data using a local axis system relative to the thigh and

shank (as used by Nunome et al., 2006) was initially

trialled but curves and values were very similar to

the global axis system (due to the planarity of the

kicking motion in Australian Football), so to main-

tain consistency with the pelvis segment axis system,

the global axis was chosen.

Parameter values for each participant for each leg

were averaged across all successful trials (up to three

kicks) and these mean values were used in group-

based analyses. To determine if differences existed

between preferred and non-preferred leg parameters,

Preferred and non-preferred foot punk kick 1547
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t-tests (P50.05) and effect sizes (Cohen’s d;

small4 0.2, medium4 0.5, large4 0.8; Cohen,

1988) were calculated.

Results

Table I reports mean angle data for kinematic

parameters at ball contact. No differences were

observed between kicking legs for position,

although the angle of the pelvis in the transverse

plane produced a non-significant medium effect

(d¼ 0.78, P¼ 0.07).

Table II shows mean angular velocity data for

kinematic parameters at ball contact. The preferred

leg produced significantly greater foot speed, knee

angular velocity, and shank angular velocity, and

significantly smaller thigh and hip angular velocity

compared with the non-preferred leg.

Table III reports range of motion data for the hip

and knee joints and the pelvis, thigh, and shank

segments. The preferred leg produced significantly

greater pelvis range of motion and significantly

smaller hip range of motion compared with the

non-preferred leg. Also, maximum and minimum

hip and pelvis angles were not themselves signifi-

cantly different.

Discussion

Foot speeds in this study lay within the range of

speeds presented for other kicking studies. Preferred

leg foot speed (19 m � s71) was greater than the

15.5 m � s71 and 16.9 m � s71 reported for junior

kickers (Baker & Ball, 1996) but smaller than the

26.4 m � s71 for senior kickers (Ball, 2008) in

Australian Football. The differences in the absolute

values can be explained by the task performed and

participant group, with participants in the senior

kicking study (Ball, 2008) performing maximal

distance kicks (average distance 68 m) compared

with a 45 m pass in the present study, and the

participants in the junior study (Baker & Ball, 1996)

being younger than in the present study (mean

age¼ 16.8 years vs. 23.5 years in this study). The

19.4 m � s71 for the preferred leg in this study also

lies between the 18.6 m � s71 and 23.8 m � s71

reported for soccer kicking by Dorge et al. (2002)

and Nunome et al. (2006) respectively. Foot speed

for the non-preferred leg (17 m � s71) was lower

than the 22.6 m � s71 reported by Smith et al.

(2009) for maximal Australian Football kicks, with

the difference once again likely due to the different

intensity of the task. However, the non-preferred leg

foot speed did lie between the values reported

for soccer of 17.0–20.6 m � s71 (Dorge et al.,

2002; Nunome et al., 2006).

Different movement patterns were observed be-

tween the preferred and non-preferred leg kicks. On

a group basis, the preferred leg produced signifi-

cantly larger knee and shank angular velocities at

ball contact and exhibited greater pelvic range of

motion during the kick leg. In contrast, the non-

preferred leg produced significantly larger hip and

thigh angular velocities and employed greater hip

range of motion during the forward swing. This

pattern was also strongly supported on an individual

basis, with 9 of 11 kickers exhibiting this pattern.

This suggests that players made more use of the

pelvis, knee, and shank with their preferred leg but

Table I. Position measures at ball contact.

Preferred

leg

Non-preferred

leg

mean s mean s

Knee angle (8) 62 6 62 6

Shank angle (8) –1 5 1 6

Thigh angle (8) 60 5 58 5

Hip angle (8) 27 9 30 8

Pelvis angle (8, x-axis, sagittal)a 31 10 30 6

Pelvis angle (8, z-axis, transverse)b 4 3 7 4

Ball contact position

Lateral ankle position (m) 0.15 0.02 0.17 0.03

Anterior ankle position (m) 0.21 0.09 0.24 0.09

Ankle height (m) 0.26 0.02 0.26 0.02

a08¼neutral position, positive value indicates lower aspect of

pelvis more anterior (posterior tilt).
b08¼ perpendicular to line of kick, positive value indicates kick

side of pelvis more anterior than non-kick side.

Table II. Significantly different velocity measures at ball contact.

Preferred leg Non-preferred leg
Effect

size

Effect

classificationN mean s mean s

Foot speed (m � s71) 11 19.0 1.3 17.0 1.4 1.53 Large

Knee angular velocity (deg � s71) 11 1355 155 1126 201 1.27 Large

Shank angular velocity (deg � s71) 11 1548 156 1387 150 1.05 Large

Thigh angular velocity (deg � s71) 11 158 91 236 111 0.77 Medium

Hip angular velocity (deg � s71) 11 56 65 138 81 0.9 Large

1548 K. A. Ball
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made more use of the thigh and hip for non-

preferred leg kicks.

There are several possible reasons for the different

movement patterns between the preferred and non-

preferred kick legs in the present study. It might be

linked to Bernstein’s (1967) theory of locking

degrees of freedom. In this case, players reduced

the involvement of the pelvis and knee, focusing

more on hip control to perform the movement

successfully. A second possibility is that there is a

less efficient use of sequential summation for the

non-preferred leg kicks. Examining the thigh and

shank segments, the non-preferred leg produced a

slightly lower (non-significant) maximum angular

velocity but a significantly larger value at ball contact

compared with the preferred leg (Figure 1), possibly

indicating less transfer of momentum to the shank. A

similar pattern was evident for the hip and knee joints

(Figure 2). This difference in coordination pattern-

ing would support the qualitative assessment of

Bauer (1983) for rugby punt kickers and the kinetic

analysis of Dorge et al. (2002). However, there was

no statistical difference in the timing of maximum

values between the preferred and non-preferred leg,

so any difference in sequencing would seem to be

related to differences in the magnitude and relative

contribution of different segments/joints only.

Further work using kinetic analyses, as used by

Nunome et al. (2006), is needed to better define if

sequential summation and transfer of momentum is

indeed a mechanism underlying this finding.

A third issue worthy of consideration is the more

variable ball position relative to the body at ball

contact due to the need to release the ball from the

hand prior to the kick (as opposed to a stationary

ball in soccer kicking studies). This aspect of the task

Table IV. Maxima and time of maxima for the preferred and non-

preferred kick legs (time expressed as a percentage of time from

toe-off (0%) to ball contact (100%)).

Preferred leg

Non-preferred

leg

mean s mean s

Shank angular velocity

Maximum 1535 156 1442 116

Time of maximum 100% 0% 99% 1%

Knee angular velocity

Maximum 1326 187 1164 178

Time of maximum 100% 0% 99% 1%

Thigh angular velocity

Maximum 701 92 670 49

Time of maximum 68% 2% 64% 6%

Hip angular velocity

Maximum 522 243 442 75

Time of maximum 67% 15% 69% 13%

Table III. Significantly different range of motion variables for kick

leg joints and segments (degrees).

Preferred

leg

Non-

preferred

leg
Effect

size

Effect

classificationN mean s mean s

Hip (flexion/

extension)

11 32 4 40 5 1.2 Large

Pelvis (x-axis,

sagittal)

11 47 9 40 8 1.1 Large

Figure 1. Example angular velocity of the shank and thigh from

kick leg toe-off (0%) to ball contact (100%) for the preferred (P)

and non-preferred (NP) leg.

Figure 2. Example angular velocity of knee extension and hip

flexion from kick leg toe-off (0%) to ball contact (100%) for the

preferred (P) and non-preferred (NP) leg.

Preferred and non-preferred foot punk kick 1549
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means that subtle variations in foot position are

required to make good contact with the ball. The

non-preferred hand is typically less consistent in

the ball drop than the preferred hand (Ball, 2007), so

the need to adjust the path of the foot to still make

contact with the ball will likely be higher. Although it

should only be seen as preliminary with only three

kicks per player, within-participant evaluation in-

dicated a more variable lateral kick leg position

relative to the support leg at ball contact for non-

preferred leg kicks, supporting this possibility

(group average standard deviation for the distance

between support leg and kick leg ankle: non-

preferred¼ 0.06 m, preferred¼ 0.01 m, P50.05).

Having greater control of the ensuing kick leg action

at the hip rather than the knee would allow for

greater degrees of freedom to be utilized to achieve

this more variable positioning. In particular, given

the lateral position was more variable for players in

the present study, thigh adduction/abduction is

necessary to make good contact with the ball. Future

research might evaluate the coupling of the ball drop

and subsequent ball contact.

The knee–thigh continuum identified by Ball

(2008) for maximal distance punt kicks was also

evident in this study. Briefly, Ball (2008) found that

knee angular velocity and thigh angular velocity

at ball contact were significantly inversely related

(r¼70.92, P50.001) and the data indicated a

continuum (rather than two discrete groups).

Furthermore, Ball (2008) reported finding no

difference in kick distance or foot speed at ball

contact when comparing the 10 players at each end

of this continuum. For the present study, this

continuum was also evident when all kicks were

analysed together (r¼70.70, P50.001) as well as

within-leg (preferred: r¼70.56, P¼ 0.04; non-

preferred: r¼70.72, P¼ 0.001) (Figure 3). That

the relationships in this study were not as strong as

those reported by Ball (2008) might be explained by

the task in this study being sub-maximal whereas a

maximal task was used in the previous study. Slightly

different combinations of knee and thigh angular

velocity could be combined to achieve the sub-

maximal task, whereas with a maximal distance kick

each individual will more likely maximize this

relationship to achieve the task aim. Regardless,

two separate studies have now identified the same

significant result for this relationship, providing

strong support for its existence.

A participant selection issue in this study has

implications for performance-based analysis of foot-

edness. Players were randomly recruited from three

elite AFL clubs. Of these players, two were

considered to kick equally well with their preferred

and non-preferred leg (indicated, for example, by

foot speeds for the preferred and non-preferred leg

within 0.3 m � s71 of each other and from coach

reports). While the participant cohort appropriately

answered the question ‘‘what differences exist

between the preferred and non-preferred leg kicks’’,

the aim of the study was to determine differences

between kicking legs that can lead to better training

programmes to improve the non-preferred leg. Given

that the players who were similar in terms of

performance for both legs would not require specific

remedial work on their non-preferred leg, it could be

argued these players should not be included in such

a study. Post-hoc analysis of the data with these

players removed did not change the significant

results, although it might have been better to sample

the population of ‘‘kickers who differ in performance

between kicking legs’’ rather than all kickers. This

issue should be carefully considered in handedness

and footedness studies.

The findings in this study have practical implica-

tions for coaching non-preferred leg kicking.

Training the non-preferred leg to use greater

amounts of knee and shank angular velocities at

ball contact and employing greater ranges of pelvis

motion about the x-axis (effectively the sagittal axis

for this task) would lead to a more similar kicking

style to that produced by the preferred leg and in

turn might lead to improved performance. The

findings also have potential implications for con-

ditioning. Muscle imbalances have been found in

Australian Football players (Hides, 2010) and

asymmetries in cricket have been linked to injury

(Engstrom, Walker, Kippers, & Mehnert, 2007).

Given joints and segments are used differently for

the two legs, muscular asymmetries can potentially

Figure 3. Scatterplot of the relationship between knee and thigh

angular velocity at ball contact for the preferred (P) and non-

preferred (NP) leg.
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develop, particularly in sports for which volumes of

non-preferred leg kicking are relatively high (high

enough for a training and conditioning effect to be

generated). For the non-preferred leg, the use of

greater hip flexion is likely to produce different

strength qualities and quantities for this muscle

group compared with the preferred leg. Similarly,

the greater use of pelvis and knee angular velocities

for the preferred leg might lead to greater

strength in the contributing musculature on this

side than on the non-preferred side. As such,

consideration should be given to exercises that

somewhat offset this potential asymmetrical muscle

development.

The underlying mechanisms for differences be-

tween preferred and non-preferred leg kicking need

exploration in future research. Attempting to link the

kinematic factors identified in this study with kinetic

factors is essential in further understanding differ-

ences and how they might be improved. This

direction is also necessary on a more scientific level,

with conflicting results existing in previous kicking

research evaluating kinetic factors (Dorge et al.,

2002; Nunome et al., 2006). The influence of

strength differences between kicking legs can also

be evaluated using these kinetic techniques. Impor-

tantly, Nunome et al. (2006) recommended this

method as a more task-specific measure of strength

than isokinetic measures, which can provide less than

half the knee angular velocities produced in soccer

kicking and which have been equivocal in their

findings. Finally, examination of coordination differ-

ences using techniques such as phase plane and

angle–angle diagrams would provide important

information on how players combine the degrees of

freedom involved in kicking and further explore the

different sequencing evident between legs in this

study.

Conclusions

Kinematic differences exist between preferred and

non-preferred leg punt kicking. The preferred leg

exhibited greater foot speed, greater knee and shank

angular velocities at ball contact, and greater pelvis

range of motion between kick leg toe-off and ball

contact. In contrast, the non-preferred leg exhibited

greater hip and thigh angular velocities at ball

contact as well as hip range of motion. A different

movement pattern was evident between the kick

legs, with the preferred leg using the knee, shank,

and pelvis more, while the non-preferred leg used

the hip and thigh to a greater extent. The knee–thigh

continuum identified by Ball (2008) was also evident

in this study for both the preferred and non-

preferred leg.
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