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The purpose of this study was to three dimentionally evaluate the effects of a short term 
game specific fatigue protocol on the kinetics of elite and sub-elite Australian Footballers 
(AF) during a drop punt kick. Five AF players performed kicks pre and post fatigue 
protocol. Three dimensional data of the pelvis and kick leg was obtained using a three 
tower optotrak Certus system (200Hz) and joint torques and moments were calculated in 
Visual 3D from kick foot toe off until ball contact. Sprint time indicated the protocol 
induced fatigue. Hip flexion torque significantly increased following fatigue indicating a 
change in movement strategy similar to that found for jump landing. This greater hip 
reliant post-fatigue kicking strategy has implications for both skill enhancement and injury 
prevention. 
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INTRODUCTION:  Australian Football (AF) is one of the most physically demanding sports.  
It is played on a ground with an area far exceeding that of any of the other football codes 
(e.g. ground area between 14000 and 19000 m2 compared with between 6000 and 8000 m2 
for soccer and rugby codes) and is played for longer than other football codes (approximately 
120 minutes compared to 90 min for soccer and 80 min for the rugby codes) (Ball, 2006).  
Players have been found to surge above 18km/hr on average 90.09 times per game for a 
total time of almost 6 minutes, equating to an average of 4 s per sprint over 18km/hr (Wisbey 
& Montgomery, 2007). This differs from soccer in which players cover 8-12km per game 
(Greig, 2006), and travel in speed zones above 16km/hr for averages of only 2.5 s (Bangsbo, 
1994). 
Kicking is a fundamental skill in Australian Rules Football (ARF). It is the most prevalent 
method of passing between players and the only method of scoring a goal (Ball, 2008).  The 
ability of the performer to perform these kicks successfully is vital to their team’s success 
(Forbes, 2003).  Any factors that increase the kicker’s ability to launch the ball longer must 
be enhanced, whilst any factors that decrease their ability to kick the ball a maximal distance 
or increase the chance of injury must be minimised.   
Fatigue has been reported to be detrimental to performance in some skills (Kellis et al., 
2006) and can increase injury risk (Gleeson et al., 1998).  In soccer, Rahnama et al., (2003) 
showed that late in a game, players’ leg muscle strength decreases due to fatigue.  In turn 
this was proposed to affect kicking technique and leave players more susceptible to injury.  
This was supported by Apriantono et al. (2006), who found 3D kinetic and kinematic 
differences in maximal instep soccer kicking technique before and after a fatigue protocol.  
Altered technique under fatigue has also been reported in other sports skills such as landing 
(Coventry et al., 2006; Madigan and Pidcoe, 2003) and running (Derrick et al., 2002).  
In spite of the influence of fatigue on technique and that AF is played for long durations and 
at relatively high intensities, there have been no published studies on AF kicking kinetics and 
no studies examining technique change under fatigue in AF.  Further, many previous studies 
examining fatigue and technique change in other sports have not performed a game-specific 
fatiguing protocol.  The purpose of this study was to three dimentionally evaluate the effects 
of a short term game specific fatigue protocol on the the kinetics of elite and sub-elite ARFs 
during a drop punt kick. 
  

results were lower than these values and higher than those described for sedentary males 
and females (Driss et al., 2001). Driss et. al. (2001) described that for sedentary males and 
females peak instantaneous power in a squat jump at 0 kg external load was significantly 
higher than at 5 and 10 kg, but the differences at 0, 5, and 10 kg were not significant among 
strength and power athletes. The results for water polo athletes did not agree with this and 
this difference probably occurred due to velocity changes between the segments combined 
in a different way to other power athletes, used to performing on land. This is supported by 
their changes in peak force and peak velocity derived from the additional loads that were 
very similar to results presented by other power athletes. In accordance with Riggs and 
Shepard (2009) the relative peak power demonstrated the strongest positive correlation to 
vertical jump height for male and female beach volleyball players, and males were able to 
produce significantly higher power output for peak power. The difference was attributed to 
females having reduced lower extremity muscle mass. So, although many investigators 
support the idea of using the optimal load to develop maximum mechanical power output, 
there is inconsistency in what the optimal load to generate the highest power production is 
(Kawamori and Haff, 2004). The results of the current investigation identified the optimal 
additional load as 0% of the body weight for both analyzed groups – water polo and 
volleyball athletes. Cormie et al (2007) identified the optimal load in the jump squat for 
athletes as 0% of 1 RM. In contrast Stone et al. (2003) reported the optimal load for the jump 
squat as being 10% of 1RM. So, body weight alone could possibly correspond to a 
resistance high enough for the production of maximal mechanical power output. 
 
CONCLUSION: The load that generates maximum power output should be taken into 
account when designing a program to improve maximal muscular power, because training at 
this load is most effective in improving maximal power output. This study supports the idea 
that the load that generates maximum power output for power athletes is body weight without 
any additional load. The program for the volleyball players should be the same proposed for 
sprinters and jumpers, taking into account gender differences. Results obtained for maximum 
power output in land jumps executed by water polo athletes were similar to those of other 
power athletes. Even so, these findings do not contribute greatly to their training program. 
The way of measuring power output in water needs to be improved, as does the 
understanding of the relationship between technical skills and maximum power output.   
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Figure 2: Group Mean Sprint times, Pre and Post Fatigue (s) 
 
 

 
 

Figure 3: Single participant representation of Hip Moment, Pre and Post Fatigue 
 
DISCUSSION: The significant post fatigue increase in maximal hip moment is an interesting 
finding that on the surface it appears counterintuitive. As fatigue reduces a muscles ability to 
generate force, it would be logical to assume that the protocol would cause a decrease in 
joint torques and powers.  An increase in the contribution of the hip musculature post fatigue 
protocol was also found by Coventry et al. (2006) in a study on drop landings. The authors 
concluded that a decrease in energy absorption (negative work) at the knee and an increase 
in energy absorption at the hip was a coping mechanism that the body implemented to utilise 
the larger, supposedly more fatigue resistant, muscles that cross the hip to absorb more on 
the impact and protect the body from injury whilst fatigued. It is possible that the same coping 
mechanism is at play during kicking.  The larger hip musculature appeared to be utilised to 
generate more hip flexion torque when the body was fatigued. Although not significant, the 
large ES found for an increase in maximal hip power and hip power at BC gives further 
support to the notion of a post fatigue hip strategy.  Important also was the fact that no large 
or medium effects were evident at the knee indicating no substantial change in function at 
this joint. 
Although these findings need more research with greater participant numbers, there are 
some practical implications of the initial findings that are worth further exploration. In AF 
there has been concern over the incidence of hip related injuries thought to be associated 
with kicking. A shift to kicking strategy that produces more torque and power at the hip might 
be a contributing factor to increasing the loads on this area and in turn influence injury. From 
a performance point of view, should these technial changes be substantiated in future work, 
there is a need to train the kicking skill under both pre and post fatigued states. While this 
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METHODS:  Five elite and sub-elite AF players were recruited for this study. They performed 
a standardized warm up, consisting of jogging on a treadmill 10 min and stretching the 
muscles to be used in the kicking movement (hamstring, quadriceps, calf, hip flexor).  
Participants then had clusters of light emitting diodes placed on the trunk, pelvis, kick leg 
shank and thigh as well as a single LED on the kick foot. Each participant then performed 
three maximal distance kicks into a net using their preferred leg.  An Optotrak Certus 3D 
motion analysis system (Northern Digital Incorporated, Ontario, Canada) captured 3D 
coordinate data of each kick from kick foot toe off until ball contact (BC). This data were 
smoothed using a Butterworth digital filter (cut-off frequency = 12Hz) and then used to 
calculate hip and knee joint torques and powers and foot speed in Visual3D.  
Particpants then underwent a short term game specific fatigue protocol, adapted from Coutts 
& Duffield (2008) (Figure 1). 

 
 
 
Figure 1: Short term fatigue protocol 
 
The protocol included a 20m sprint at the beginning and towards the end that was timed with 
timing gates and used as an indicator of fatigue. Immediately after the protocol was 
completed the participant performed a single kick for maximal distance on their preferred leg.   
Two tailed paired t-tests were used to evaluate the difference between sprint times (to 
indicate fatigue) and between pre-fatigue and post-fatigue kick hip and knee powers and 
torques.  Significant results (p<.05) were reported and effect sizes (ES)  were calculated for 
comparison. 
 
RESULTS: Sprint times significantly increased from the beginning to the end of the fatigue 
protocol (Pre =3.25s, Post=3.44s, p=0.002) (Figure 2).  Maximal hip moment showed a 
significant difference, increasing from pre to post fatigue (Pre =204Nm, Post =226Nm, 
p=0.016) (Figure 3). Hip power at BC (Pre=-283W, Post=364W, p=0.077, ES=1.063) and 
maximal hip power (Pre=940W, Post=1169W, p=0.138, ES=0.891) displayed large ES.  
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The purpose of this study was to quantify lumbar kinematics and kinetics during fast 
bowling using a novel inverse dynamics model, and to explore the relationship between 
shoulder counter-rotation (SCR) (a variable that has been associated with the 
development of spondylolysis in fast bowlers) and lumbar range of motion and moments. 
Ten fast bowlers participated in the study. A large correlation was found between SCR 
and lumbar rotation range of motion between front foot contact and ball release (r=0.628, 
p<0.01) which in turn was found to have a moderate correlation with the peak lumbar 
flexion moment (r=0.437, p<0.05). This is a significant finding as SCR is a relatively 
simple measurement that can be used as a field based screening tool. Future research 
should investigate the link between these variables and spondylolysis development. 

KEY WORDS: cricket, injury, spondylolysis, bowling technique 
 

INTRODUCTION: Young athletes in sports that involve repetitive flexion and extension of the 
trunk, particularly when combined with rotation, are prone to developing stress fractures of 
the pars interarticularis of the lumbar spine (spondylolysis) (Brukner & Kahn, 2007; 
d'Hemecourt et al., 2000). In fast bowling in cricket, large shoulder counter-rotation (SCR) 
has been associated with increased risk of lumbar spondylolysis (Foster et al., 1989; Portus 
et al., 2004). SCR is the change in alignment of the shoulders, rotating away from the 
batsman, between back foot contact (BFC) and front foot contact (FFC) during the bowling 
delivery stride. A threshold of 30° is commonly used to designate a bowling action associated 
with increased risk of injury (Ranson et al., 2008). SCR can be measured in the field using 
two-dimensional methods, with a video camera positioned above the bowler (Elliot et al., 
2002), and is therefore a convenient measurement for coaches as well as researchers. 
However, the greatest load on the spine occurs after FFC, when ground reaction forces are 
at their highest (Ferdinands et al., 2009) and it is therefore unclear how SCR is related to the 
mechanism of injury. It has been suggested that large SCR may be associated with a 
similarly large range of lumbar motion during the front foot stance phase, and that this may 
be the mechanism through which increased loading and eventual injury occurs. Previous 
work has reported a relationship between SCR and the rotation of the lower trunk (Ranson et 
al., 2008), however, the relationship between SCR and lumbar kinetics is yet to be explored. 
One of the difficulties in estimation of lumbar kinetics is the availability of inertial parameters 
for the trunk. Traditional inertial parameter data utilise boundaries selected so as not to sever 
internal organs during cadaver dissection, and not according to vertebral level. A descriptive 
study of lumbar kinetics during fast bowling has been performed (Ferdinands et al., 2009) 
using these traditional segment definitions, such that the cephalic boundary of the lumbar 
segment is at the level of the xyphoid process, thereby incorporating part of the thoracic 
spine. Such inclusion may have a significant impact on the kinematic inputs used for inverse 
dynamics analysis.  
This study aimed to quantify the three-dimensional motion of the lumbar spine relative to the 
pelvis during fast bowling in cricket as well lumbar kinetics estimated using a novel inverse 
dynamics model. This allowed exploration of the relationship between SCR and lumbar 
kinematics and moments.   
 
METHODS: Ten male right-arm fast bowlers (mean age 16.8 ± 1.3 years, height 181 ± 6.9 
cm, weight 69.9 ± 8.6 kg) volunteered to participate in the study. Volunteers were included if 
they were members of a district and/or state junior cricket squad and classified as fast or 
fast-medium bowlers by their coaches. They were excluded if they had any symptomatic 

should be an obvious recommendation, in practice, many clubs will train the majority of 
kicking early in the training session when players are under little fatigue (Ball, 2003). 
Future research needs to examine short term fatigue changes with a larger N. Some medium 
to large effects found in this study were not significant due to the low N and need further 
exploration to determine if they are statistically significant. Longer term fatigue protocols 
should also be examined specific to the AF game. Finally examining the effects of the altered 
technique on performance factors other than foot speed and distance is important in the 
applied setting of AF. The exploration of training methods to improve the fatigue resistance of 
the muscles that cross the knee may also be beneficial to possibly reducing the increase in 
load on the hip. 
 
CONCLUSION: Joint kinetics change due to fatigue in the AF kick. A significant increase in 
maximal hip flexion torque post fatigue was evident among the players tested in this study. 
This post fatigue hip strategy has implications for skill enhancement and injury prevention.  
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