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SUMMARY 

The assessment of strength and power and the relationship of these measures to 

functional variables such as speed and vertical Jump ability are understood poorly. 

This is particularly the case when dealing with a long-term preparation for a major 

event in a sport such as women's soccer. 

The results of this research suggest that a number of isoinertial speed strength 

measures may be sensitive to aspects of a training program and therefore be useful 

tools for determining the level of development of various underlying neuromuscular 

capacities. 

Further results provide a question mark about the role of maximum strength in the 

development of high velocity functional movements, as increases in maximum 

strength did not correlate to changes in measures of functional performance. 

An important finding from this research is the potential role of specific isoinertial 

speed strength parameters in the detection of neuromuscular fatigue. Time course 

analysis of the results in this study suggests that the use of these measures to detect 

fatigue warrants further investigation. 
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CHAPTERl 

INTRODUCTION 

Preparing athletes for participation in a major event involves an extended training 

period 14
. During this time, it is likely that athletes undergo a number of changes to 

their physical capacities. Despite improvements in these capacities being an obvious 

goal of most training programs, the extent to which this occurs over periods of 12 

months or greater has been reported infrequently. 

1 

In the sport of soccer, methods of assessing speed, vertical jump ability, and aerobic 

capacity are well established and documented 94
. However, methods of measuring 

soccer specific aspects of strength and power are poorly defined. Moreover, little 

published data exists on any of the physical aspects of women's soccer indicating that 

this is an area open for further research. 

The limited amount of information available on changes in strength and power 

capacities may be due to a number of reasons. Firstly, there is debate in the scientific 

community over the most appropriate method of measuring strength and power 1. 

Measuring strength qualities via weightlifting type tasks, the use of isokinetic 

dynamometry, maximal isometric contractions, and isoinertial speed-strength 

assessment have all been proposed as useful and legitimate 58
• 
72

• 
74

• 
108

. However, 

issues of validity in terms of relationship to sporting movements, speed of contraction 

and reliability may affect various measures 1
. 

Secondly, the role of the underlying capacities of strength and power in functional 

performance (e.g. sprint speed and jump height) is somewhat questionable. For 

example, the role of maximal strength as a determinant in the ability of a female 

soccer player to sprint and jump is largely unknown. The ability of isoinertial speed 

strength tasks to be better predictors of functional performance than maximal 

weightlifting type tasks is also unclear. 



Thirdly, the effect of different training regimens on the expression of strength and 

power throughout an extended preparation period is largely unknown. The chosen 

method of manipulating training variables across time may have a profound effect on 

athletic performance but the most beneficial combination and variation of stimuli is 

the cause of some debate 28
. 

2 

A detailed examination of the changes that occur in a number of physiological 

variables throughout an extended preparation may provide some insight into the role 

of strength and power in functional performance. The clarification of this relationship 

will add to the body of knowledge about the most appropriate methods for measuring 

the strength and power attributes of female soccer players and ultimately the most 

beneficial manipulation of program variables to achieve improved performance. 

Accordingly, the aims of this project are as follows: 

1. Assess the potential for the use of measures of isoinertial speed strength in the 

assessment of athletic performance. 

2. Explore the role of various strength and power qualities in functional 

pe1formance. 

3. Examine the effect of various training regimens on the expression of strength 

and power during an extended preparation. 



Soccer 

CHAPTER2 

LITERATURE REVIEW 
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Soccer is one of the most popular sports in the world 60
•
93

• It is played competitively in 

almost all countries of the world and the International body FIFA, conducts a World 

Cup every four years that attracts millions of viewers worldwide 46
• By 1999, women 

made up 22 % of the world's soccer players 60
• In the USA, women comprise 43 % of 

soccer playing numbers 60
• Increased popularity of women's soccer resulted in its 

inclusion in the Olympics in 1996. Despite soccer's popularity there is some 

uncertainty surrounding the physiological requirements of players15
• 

107 although 

components of speed, aerobic and anaerobic endurance and strength are regarded as 

important 93
• 

106
. 

Physiological Requirements of Soccer 

It has been reported that prior to the commencement of an English League season, 

male field players possess a VO2max of 56.4 rnI/kg/min ± 3.9 25
. Time-motion analyses 

have shown that male players covered a mean distance of 11527 m of which 31.4 % 

was walking, 47.1 % was running and 18.8 % was spent striding or sprinting 107
• 

Withers et al. 107 suggested that total distance covered was independent of playing 

position. However, this has been disputed by other authors who have suggested that 

distance covered is a function of positional role 80
• For example, Bangsbo et al. 15 

determined that the total distance covered during a match averaged 10.8 km but the 

average distance covered by a midfielder (11.4 km) was significantly greater than the 

distance covered by forwards or defenders. The same researcher found that players 

spent 17 .1 % of total playing time standing still, 40.4% of time walking, 35.1 % 

performing low intensity running and 8.1 % of game time in high intensity running 15
• 

Dissecting the high intensity running category further, Bangsbo et al. 15 found that 

players completed 19 sprints averaging 2 sand 57 high intensity runs averaging 2.1 s 

per game. 
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Davis & Brewer 24 suggested that the demands of women's soccer are similar to those 

of the men with an average of 84 71 m covered per game. It is interesting to note this 

conclusion given the fact that women would appear to cover 2 km less per game than 

reported for their male counterparts 15
• 
24

• 
25

. Davis & Brewer 24 also suggested that 

proportions of the game spent at various intensities appear similar between men and 

women and that both male and female players tax their aerobic and anaerobic systems 

to the same level. 

It has been found that elite women players have body fat levels of between 19.7 and 

22 % and V02max levels of between 47.1 and 57.6 ml/kg/min 24
• A post competitive 

season study of the physiological characteristics of Australian female soccer players 

from State and National level identified mean V02max levels of 47.9 ml/kg/min which 

is considerably lower than their male counterparts and female distance runners, but 

similar to scores for other female games players such as volleyballers and 

basketballers 22
• In comparison, Australian male soccer players at the Olympic level 

have been shown to possess V02max levels of between 53.7 and 66.7 ml/kg/min and 

have a sum of seven skinfolds between 38.4 and 99.6 mm 94
. 

Physiological Assessment of Soccer Players 

Soccer players require a range of fitness capacities to be successful 94
. It has been 

shown that results on anthropometric and performance tests are very good indicators 

for selection in National squads 94
. Tumilty 94 suggested that a certain level of 

performance on the following tests may indicate a likelihood of success at the elite 

level and that all are appropriate for both male and female soccer athletes 94
• 

• Anthropometry (sum of 7 site skinfolds) 

• Vertical Jump (countermovement) 

• Sprints (5m, 10m, 20m) 

• Aerobic Power (multistage fitness test) 



Seasonal Changes In Strength, Power And Other Physiological 

Characteristics 

Many team sports, including soccer compete over prolonged seasons lasting many 

months. A number of studies have examined the changes that occur during both the 

competitive season and periods of reduced activity (off season) in team sport athletes 
35,36,55 

5 

Koutedakis 55 presented a comprehensive review examining seasonal changes in a 

number of physical parameters in a variety of sports including cycling, swimming, 

wrestling and soccer. This report noted that in elite performers many fitness 

parameters remained relatively unchanged throughout the year. For example 

Koutedakis 55 suggested that in elite performers aspects such as V02max and body fat 

levels varied little between the off season and in season phases. However he added 

that this phenomenon appears dependant on the degreee of athletic shape present at 

the onset of training. Koutedakis 55 also reported a trend for an inability to maintain 

gains in off-season muscle strength throughout a competitive season. Although this 

research examined responses in elite performers there was no specific reference to 

long (i.e. twelve months) preparatory phases prior to a major event, rather it dealt with 

shorter preparatory and competitive phases and their influence on various parameters. 

The variations in physical capacity over such a long period are mostly unreported. 

Similarly the question of the relationship between changes in various physical 

capacities and performance is open for scientific investigation. 

Elite versus Recreational Athletes 

It has been suggested that there are differences in the way that elite and novice 

athletes' respond to a competitive season 7' 
55

. Recreational and developmental level 

athletes can show improvements in aerobic capacity and decreases in body fat levels 

after a competitive season 55
. In a recent study of elite and sub-elite rugby league 

players it was found that there was no change in various measures of strength and 

power in elite players but that improvements occurred in the sub-elite group 7• This 

research suggests that athletes who begin a competitive phase at lower levels of 



various capacities, particularly strength and power, have a greater margin for 

improvement. The nature of the Rugby League game (relatively short intermittent 

sprints with a heavy contact level) may have favoured improvement in the sub-elite 

group because Rugby League may not have a sufficient endurance component to 

cause negative interference to strength and power development. Investigations 

involving sports with a greater endurance component may show that even sub-elite 

performers are unable to improve strength and power during competitive seasons. 

6 

In a study of female volleyballers, Hakkinen 36 found that a competitive season led to 

significant increases in squat jump and counter movement squat jump height along 

with volleyball specific movements of the spike and block jumps whilst no change 

was seen in V02max· Interestingly, Hakkinen 36 concluded that a competitive season 

provided insufficient stimulus to promote adaptation in V02max• suggesting that 

specific training would be required to maintain this capacity throughout a season. 

However, his research may simply raise questions on the specificity of aerobic 

capacity training to volleyball performance, whilst reinforcing the validity of the squat 

jump and countermovement squat jump. 

Hakkinen 35 conducted similar research using ten female basketballers during a 22 

week season. Again, he found no seasonal increase in V02max although the demands 

of the season were enough to maintain previously attained levels. Similarly, no 

changes in maximal isometric leg extensor force were evident. This study also 

demonstrated significant improvements in average power output during an anaerobic 

jumping test and improvements in vertical jump heights. The researchers noted that 

changes in the force time curve characteristics indicated a decreased time to produce 

sub maximal forces. This conclusion suggests that the specific stimulus of the in 

season game environment was responsible for the change in sub maximal force 

production capabilities. It may be that this specific adaptation highlights the 

importance of submaximal speed strength qualities to games involving movement 

patterns similar to basketball. The lack of change demonstrated in V02max during the 

competitive season in these studies casts doubt on this capacity as a major contributor 

to successful performance in these and perhaps other team sports. 
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Although a number of researchers have noted the changes occurring in strength and 

power characteristics across time, there appears to be little consistency in the method 

of assessing strength and power or its expression in the athletic environment. Some 

researchers have expressed concern about the validity and reliability of many strength 

d h . l 73 102 S h . b dd d . an power assessment tee mques ' ' . uc issues must ea resse many 

research where timecourse changes in these variables are to be assessed. 

Measuring Strength And Power 

Abernethy et al. 1 suggested that there are four main purposes of strength and power 

assessment: 

1. Quantify the relative significance of strength and power to various athletic 

events and tasks. 

2. Identify the specific deficiencies in muscular function to improve individual 

deficiencies. 

3. Identify individuals who may be suited to particular sports or events 

4. Monitor the effects of training and rehabilitation programs. 

There is considerable controversy surrounding the validity of many tests of muscular 

strength and power 1. For example, Murphy & Wilson 73 concluded that tests of 

muscular function could not be used to monitor training induced changes in 

performance. These researchers suggested that changes in performance, rather than 

changes in tests of muscle function should be used to determine the effectiveness of 

training. This view was supported partly by Augustsson & Thomee 5 who suggested 

that the effect of training be based on various forms of dynamometry including 

functional performance. Abernethy et al. 1 agreed with the previous investigators and 

highlighted the difference between the laboratory and sporting arena as representing a 

challenge in the assessment of strength and power. 

Some researchers have reported that a lack of complete understanding of the 

mechanisms responsible for strength and power development results in strength and 



power performance being the measure rather than measuring the underlying 

.bl f th .c 1 61 s2 A .f. . components respons1 e or e per1ormance ' ' . s spec1 1c sportmg movements 

are hard to imitate, assessment of strength and power is often conducted using non

specific tasks 1
. It has been suggested that if muscle function occurred in a general 

fashion, strong relationships would exist between the different measures of muscular 

function regardless of contraction type or velocity 13
. As a result of the desire to 

measure muscle function and its role in athletic performance, a number of test 

modalities utilising various contraction modes have been developed for this purpose. 

Isometric Testing 

The use of isometric testing to assess muscular function dates back over 40 years and 

has become a popular form of testing 72
' 

100
. Isometric testing requires the subject to 

produce a maximal force against an immovable object or resistance 100
. 

8 

Some authors have raised concerns regarding this type of testing 4' 
102

. The majority of 

these concerns relate to the many differences in neuromuscular and mechanical 

aspects between these tests and functional sporting movements. These researchers 

question the applicability of isometric testing to dynamic sporting performance. The 

use of isometric testing to measure power is also questionable. If there is no 

movement of a limb, then there is technically no power output (Power=Force x 

Distance/Time) 1
. 

The relationship between scores on isometric strength tests and functional activities 

may provide some insight as to the worth of this type of strength assessment for 

athletes. Wilson et al. 101 found that various measures on an isometric rate of force 

development test correlated poorly with 30 m sprint performance (r = -0.427 to 0.08). 

Pryor et al. 79 found a stronger relationship (r = 0.56 to 0.82) between concentric tests 

and performance than between isometric tests and performance (r = 0.40 to 0.57), 

which he suggested provided further evidence of the need for specificity of dynamic 

muscular function assessment. For example, in a study comparing isometric testing 

and a seated medicine ball throw researchers found that both isometric rate of force 



development and maximal force related poorly to the medicine ball throw 75
. In a 

similar study, Murphy et al. 76 found that an isometric test was unable to distinguish 

between good and poor performers on a seated shot put task. 

9 

Similarly, Young & Bilby 113 found no relationship between isometric rate of force 

development and 1umping performance. While in a study comparing dynamic and 

isometric tests of strength, Baker et al. 13 found a low relationship existed between the 

two (r = -0.328 - 0.366). Baker 13 also showed that changes in 1 repetition maximum 

(RM) squat and the isometric leg test were unrelated and suggested that measures of 

muscle function are specific to the type of test rather than any underlying general 

qualities. Such results raise concern regarding the external validity of isometric testing 

and the ability of such tests to monitor changes in dynamic performance 72
• 

Interestingly, except for Young & Bilby 113, these researchers used moderately trained 

subjects and found similarly poor relationships between the isometric testing and 

dynamic performance. This raises doubts about the use of this form of dynamometry 

for testing any level of athlete. 

The poor relationship between isometric tests of strength and more functional 

measures of strength performance has been linked to a number of factors. Wilson et 

al. 101 suggested that the poor relationships between isometric tests and functional 

performance may be based mainly on neural and mechanical factors. It has also been 

proposed that isometric tests may be unable to monitor the specific neuromuscular 

changes that occur through dynamic training 13
. 

Although comparing eccentric and concentric tests rather than isometric tests and 

functional performance, Murphy et al. 76 concluded that the importance of each 

contraction type to performance depended on the nature of the activity. The authors 

concluded that dynamic isoinertial tests were in all cases superior to isometric tests in 

their relationship to dynamic performance. It has been reported that isometric 

muscular actions are non-specific to normal human movements in terms of velocity, 

contraction type and movement patterns 79
• 
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However, in a study comparing improvement in 6 s cycle performance, Wilson et al. 
103 found that isometric test data were able to distinguish between those subjects who 

improved their performance as a result of training and those who did not. Others have 

suggested that motor unit recruitment patterns are quite different between isometric 

and dynamic contractions and that therefore isometric tests were not appropriate for 

the assessment of dynamic movements 75
• The use of a 6 s cycle in the Wilson et al 103 

study as the test of dynamic performance may have influenced the results. Cycling 

performance is less determined by the use of the stretch-shorten cycle (SSC) than 

other dynamic activities such as running or jumping and this may have resulted in the 

isometric test having some relationship to the dynamic task. Use of a different 

dynamic task may have produced a different result. Despite the questions that exist 

over the relationship between isometric contractions and sporting performance, the 

validity of isometric testing to predict dynamic pe1formance is supported by some 

because of its high reliability 104
• 

Isokinetic Testing 

Isokinetic assessment involves assessing the power and/or torque generated by a 

particular muscle or group of muscles whilst a joint moves through a specified range 

of motion at a constant angular velocity 1
• This type of testing has been used as a 

strength assessment tool since the late 1960's and has been the standard tool used to 

investigate dynamic function of single muscle groups 108
. Isokinetic assessment can 

include analysis of torque-velocity and power-velocity relationships and is used 

commonly to compare injured and non-injured limbs and/or develop strength ratios 

between agonist/antagonist muscle pairs 108
. Supporters of isokinetic testing point to 

the high levels of control achievable during the test the high test, retest reliability 108
. 

Despite claims by some that there is a correlation between athletic performance and 

scores on isokinetic test protocols 108
, it would appear that more research is needed to 

confirm this claim and address issues of concern surrounding the large differences 

between this type of testing and movements occurring in the sporting arena. For 



example, Murphy et al 76 questioned the external validity of isokinetic testing as it 

measures forces in situations without acceleration, whilst acceleration is clearly a 

component of many athletic events. 

11 

In attempting to determine the ability of isokinetic testing to distinguish between high 

and low level athletes, Gilliam et al. 30 found that isokinetic strength measures were 

able to distinguish between different levels of performance in American football 

players. Similarly, Oberg et al. 78 found the same applied when analysing different 

levels of soccer players. 

However when comparing peak knee flexion/extension torques of elite power lifters 

and untrained subjects Hurley et al. 48 found that the untrained subjects produced 

significantly higher peak knee flexion/extension torques at 30 deg/s despite the having 

much lower lifting values (e.g. back squat, dead lift). Following four months of 

weight training by the untrained group there was no significant change in isokinetic 

strength levels despite a 40% increase in weight lifting strength. The inconsistency of 

findings from isokinetic research raises considerable doubts about the ability of this 

form of testing to distinguish between athletes at different levels of performance and 

particularly the ability of this type of testing to monitor training induced changes in 

performance. 

Isoinertial Testing 

Traditionally, the prescription of strength training exercises aimed at improving 

performance have been made on the basis of performance in "weightlifting" type 

tasks 58
. Previously, this type of assessment was referred to as isotonic, but as the 

tension during this type of movement is not constant, the term isoinertial is now used 

to describe such a task 1
. It has been said that as the term isotonic implies uniform 

force throughout a dynamic muscle action, it is inappropriate for the description of 

human exercise performance 51
. Abernethy & Jurimae 2 suggested that isoinertial 

loading implies a constant resistance to the movement rather than simply a constant 

resistance or load throughout the lift. 
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In many cases weightlifting type movements such as squats, bench press and leg press 

have been utilised to assess maximal isoinertial strength 13
• 
58

• 
76

• 
79

. The results of 

weightroom style strength testing are often referred to as a Repetition Maximum 

(RM) and represent the maximum load that can be lifted for a specified number of 

repetitions 58
. The maximum load that can be lifted for a single repetition is referred to 

as lRM. It has been claimed by some that this type of testing favours experienced 

lifters 1 and by others that it exposes the athlete to the risk of serious injury 84
. Despite 

these concerns, lRM measures are reported to be reliable where experienced lifters 

are concerned 58
. 

In an effort to reduce the risks associated with using RM strength testing, formulas 

have been developed to predict lRM from submaximal loads 62
-
64

. Despite potential 

benefits, in terms of reducing the risk of injury, the ability of these formulas to predict 

lRM scores varies with the type of lift and the number of repetitions performed 1• It 

has also been argued that the use of high load, low repetition strength testing 

reinforces the falsely held belief that the ability to produce large forces against a 

heavy resistance is the only important factor to develop in order to produce powerful 

performance 1
• A number of researchers have shown that other factors and therefore 

other training modalities are important 6• 
8

• 
9

• 
104

• 

It is clear that the assessment of isoinertial strength needs to occur in a context that 

makes it relevant to the sporting performance 58
. Some authors have questioned the 

similarity of weightlifting movements to sporting performance in terms of posture, 

speed, and movement pattern 1
• For this reason it may be necessary to divide 

isoinertial strength testing into categories of Concentric, Eccentric and Speed Strength 
58 

Maximal Concentric Strength has been referred to as the maximum load that can be 

lifted during a movement requiring concentric muscle activity 86
. A concentric action 

can be viewed as one where the muscle length is shortening during the movement 51
. 

This type of strength appears important when the movement is started from a static 
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position and the agonist muscle group works from a pre-stretched state 58
• This view 

indicates that such contractions, and therefore their measurement, may be important in 

athletic movements where there is a requirement to overcome the inertia of the body 

from a stationary position. The sprint start may be an example of this type of 

movement and therefore concentric strength capacity may be an important 

determinant in such activities. However, maximum strength has been found to 

correlate more highly with maximum speed sprinting than short sprinting whilst 

relative strength appears important in overcoming the inertia of the body in sprints up 

to 2.5m 111
• 

An eccentric action can be categorised as one where the muscle is lengthening during 

the action 51
. Eccentric muscle strength is important where a large force has to be 

absorbed or deceleration occurs, such as during landing 58
. This definition implies that 

eccentric strength plays a role in many sporting movements. Activities such as 

running and jumping involve both types of actions. The absorption of force in an 

eccentric manner is followed by a subsequent concentric action to propel the athlete 

forward or up. The ability to effectively absorb forces eccentrically and then produce 

a concentric contraction is a determinant of efficient performance in many athletic 

activities. 

Speed strength may be defined as the ability of the neuromuscular system to produce 

the greatest amount of force in the shortest amount of time 58
. Speed strength can be 

categorised further as: 

l.Starting strength (SS), which refers to the amount of force that can be 

produced at the start of the movement, often measured at 30ms. 

2.Explosive strength, which reflects the ability to continue to develop tension 

as quickly as possible. 

3.Stretch Shorten Cycle Strength (SSC), which involves the ability to produce 

force in rapid SSC actions 58
. 
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Speed Strength Assessment 

The assessment of speed strength qualities can take a number of forms. Many 

researchers have used movements such as the vertical jump, single leg hops for 

distance and seated shot put throw as measures of this quality. Some have also used 

these measures as comparisons for results from other test modalities and referred to 

the jumping and throwing actions as functional activities or tests 33
• 
73

• 
75

• 
79

• 
101

• 
103

• 
105

• 

112, 113 

Dynamic Isoinertial Speed Strength Assessment 

It has been suggested that rate of force development (RFD) and maximum force are 

closely related to performance 39
• 
95

• As mentioned previously, the assessment of these 

qualities via isometric and isokinetic test methods appears to have a number of 

limitations. There is limited published research investigating the relationship between 

aspects of isoinertial strength such as RFD and functional sporting performance. 

Isoinertial dynamic strength assessment typically involves the use of a force platform 

to generate force-time curves 73
' 
74

• 
76

• 
79

' 
101

. The range of exercises that can be 

assessed using this method is quite limited, and this has resulted in most research 

using a squat jump movement 73
' 

101 or bench press throw 74
' 
76

• In these studies a 

modified Smith Machine (Plyometric Power System - Plyopower Technologies, 

Lismore, Australia) has been employed. This device controls the tracking of the bar 

and an electro-magnetic braking device stops the bar from descending in an 

uncontrolled manner 104
. 

This type of equipment has several advantages as it allows the collection of data 

relating to a number of speed strength variables. Murphy & Wilson 73 and Wilson et 

al. 101
, measured a number of variables during a squat jump including peak force, 



RFD, force at 30ms and impulse after lO0ms. A study by Pryor et al. 79 measured 

upper body RFD in a bench press throw action. 
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At the Australian Institute of Sport (AIS) a protocol has been established to assess the 

isoinertial strength qualities of track and field athletes and provides data on the 

following parameters during a squat jump (SQJ). 

• Force at 30 ms (F30ms): the force reading at 30 ms after the start of the 

concentric phase of the movement. This force is often referred to as starting 

strength (SS) 87
. 

• Maximum Rate of Force Development (MRFD): MRFD, also termed 

explosive strength 87
, refers to the 5 ms period of the force-time curve with the 

steepest gradient. 

• Maximum Dynamic Strength (MDS): MDS refers to the peak force generated 

during the dynamic phase of the movement. 

• Time to Maximum Dynamic Strength (TMDS): The time taken to reach MDS 

inms. 

• Force or Impulse at a Specific Time: These measures allow investigators to 

measure the force at points on the force-time curve that have particular 

relevance to a sport. For example, Force at 100 ms (F 1 00ms) has been 

measured in jumping tasks 109 as it relates to ground contact times in track and 

field jumping events 23
. 

Although limited published research examining the relationship between isoinertial 

strength and functional performance exists, some researchers have attempted to 

address this issue. Pryor et al. 79 found that isoinertial MRFD was significantly related 

to a seated shot put throw at loads of both 30% (r = 0.8) and 60% (r = 0.56) of bench 

press maximum. This relationship was not repeated when comparing isometric MRFD 
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(IMRFD) and the shot put throw (r = 0.42). The decrease in the correlation between 

the shot put throw and the bench press maximum is interesting. This may be due to 

the fact that as the bench press load increases, the speed of its performance decreases 

therefore reducing the similarity of its speed of execution to the shot put throw speed. 

These results were supported by Wilson et al. 101 who found that SQI MRFD 

discriminated between better and poorer performers over a 40 m sprint. In a further 

study Wilson & Murphy 102 found no significant correlation between isometric squats 

at knee angles of 110° and 150° and 30 m sprint speed. Both Wilson et al. 101 and 

Pryor et al. 79 concluded that dynamic MRFD tests were better predictors of sporting 

performance than Isometric MRFD tests. This provides further evidence relating to 

aspects of specificity in terms of test and sporting movement velocity. 

Some researchers have suggested that MDS may also be important in athletic 

performance 74
' 
76

' 
101

• A study by Murphy et al. 76 compared concentric (30%, 60%, 

100% of maximum) and eccentric (100%, 130%, 150% of maximum) MDS in the 

isoinertial bench press movement with maximal isometric bench press strength. In 

addition, performance measures of lRM bench press, seated shot put throw and two 

drop bench press throws from a height of 0.25 m with loads of 10 kg and 30% of 

maximum were conducted. Despite the fact that maximal isometric force and maximal 

isometric rate of force development (IMRFD) had significant relationships to the 1 

RM bench press and the drop bench press throws (r = 0.22 to 0.78), the isoinertial 

tests had the highest relationships to performance. These researchers found that the 

difference in the relationship between performance and isoinertial and isometric tests 

was most obvious in the seated shot put test (r = 0.86 and r = 0.38 respectively). They 

concluded that the neural and mechanical differences between isometric and 

isoinertial tasks play a part in determining the strength of their respective relationship 

to dynamic performance. 

In a study to determine the relationship between dynamic isoinertial strength and 

isokinetic strength Murphy & Wilson 74 looked at the relationship between isokinetic 

bench press at 60, 90 and 120 deg/sand isoinertial bench press at 30, 60, and 130% of 
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1 RM compared to a 1 RM bench press, seated shot put throw and drop bench press 

throw. This study showed significant correlations between the seated shot put task and 

the isokinetic bench press movement (r = 0.57 to 0.65). All of the strength variables 

showed significant correlations with the 1 RM bench press but poor correlations 

existed between the seated shot put throw and the dynamic isoinertial movements. 

This is in contrast to previous research that showed significant relationships existed 

between the dynamic isoinertial tasks and the seated shot put throw 76
. This finding is 

interesting as it may relate to the poorer initial dynamic isoinertial strength levels of 

the subjects in the isokinetic comparison study. As a result of this a question arises as 

to the role of training status in the relationship seen between dynamic isoinertial 

strength tests and athletic performance. 

A criticism of isoinertial speed strength assessment is that it lacks the sensitivity to 

detect training induced changes in performance. Murphy & Wilson 73 compared 

changes in isokinetic and isoinertial strength tests to changes in 40 m sprint time and 

peak power during a maximal 6 s cycle ergometer test after eight weeks of squat 

training. These researchers discovered that 1 RM squat was the only variable 

significantly related to the change in 40 m sprint time. They concluded that the poor 

relationship between the strength tests and dynamic performance indicated that those 

tests lacked the sensitivity required to measure training induced changes in 

performance. They also suggested that correlations of> 0.9 were needed before such 

a test could be considered sensitive enough. These investigators added that changes in 

performance rather than changes in test scores should be used to evaluate the 

effectiveness of training programmes. The limitation with this conclusion may be that 

tests aim to measure the underlying qualities that contribute to performance whilst the 

performance itself is the expression of these qualities. In order to improve the limiting 

factors to performance it is necessary to be able to assess their status to allow an 

appropriate training intervention. 

The test-retest reliability of dynamic isoinertial strength tests is questionable. 

Differences in results of studies mentioned earlier suggest that reliability may be poor 

in untrained subjects 74
' 
76

. It appears that the reliability of dynamic isoinertial strength 
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testing can relate to the specificity of training undertaken by the subjects and its 

similarity to the test procedures 1
. Increasing the load used during an isoinertial testing 

protocol may also have a detrimental influence on the reliability of the test 74
• 
76

. 

Methods of Speed, Strength and Power Development 

Determining the most effective methods for the development of strength, speed and 

power is difficult. This is due to the contradictory nature of the research in this area 

plus the lack of a precise understanding of the underlying factors responsible for the 

development of these components. It is generally accepted that there are both neural 

and hypertrophic responses to strength training and that these combine to produce 
• • .c 20 52 53 improvements m per1ormance ' ' . 

Mechanisms of Adaptation 

Komi 53 reported that the early phase of strength training is characterised by an 

increase in electrical activity in trained muscles. There are a number of possible 

mechanisms of neural adaptation responsible for increases in strength. These include 

increased activation of agonists, preferential recruitment of large motor units, 

alterations in the nature of activation of muscles within a group, and greater co

ordination between agonist and antagonist muscle groups 82
. Adaptations in the later 

stages of strength training are limited by the amount of hypertrophy that can be 

achieved 82
. It appers that greater hypertrophy occurs in type II units than in type I 

units 59
• The mechanisms of adaptation are numerous. For thorough reviews of this 

area refer to Komi 52
, Dudley et al. 27 and Macdougall 59

. 

Training Program Design for the Increase of Muscular Strength and Power 

As a result of the complex interaction of those factors that contribute to the 

development of muscular strength and power, the optimal program design for the 

development of these capacities is unclear 20
. It has been suggested that strength, 



power and speed are related but that the tightness of this relationship may vary 

depending on the experience of the athletes 9
• 
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A.number of methods of training have been proposed as useful in improving speed, 

strength, and power. These include high load-low velocity maximal strength training, 

low load-high velocity strength training, sprint training, plyometrics, maximal power 

training and combinations of these types 3, 7, 16, 18, 28, 40, 50, 54, 57, 61, 65-67, 11, 77, 81, m. 

Questions have also been raised about the transfer of various training modes to 

athletic performance 40
' 

81
. There is also some debate over what is the most effective 

periodisation of training, including the volume and frequency of training and the 

effect of combining strength and power training with endurance training 68
, 

83
, 

89
-
91

• A 

number of studies have compared the effects of various training modalities for the 

development of speed, strength, and power development. 

Traditional low speed-high force weight training has been described as training where 

relatively heavy loads (80-90% of maximum) are lifted for between 4 and 8 reps 40
• 

Plyometric training may be viewed as training utilising the acceleration and 

deceleration of body weight ( stretch shorten cycle) as overload in dynamic activities 

such as depth. jumping or bounding 81
. Dynamic weight training has been described as 

that which utilises a load maximising mechanical power output and involves using 

light loads (approximately 30% of maximum) at high speeds 104
. 

In a study using male and female physical education students divided into five 

training groups (free weights, free weights with plyometrics, Hydra gym weight 

training, and Hydra gym with plyometrics), Bauer et al. 16 found no significant 

difference between any group when tested for isokinetic peak torque, vertical jump or 

percent body fat. These researchers concluded that similar increases in lower 

extremity power were achievable via a variety of methods. Adams et al. 3 conducted a 

study comparing training using squats, plyometrics and squat-plyometrics on vertical 

jump performance. All three treatment groups improved significantly on the vertical 

jump task. The improvement of the squat-plyometric group was significantly greater 

than either the squat or plyometric groups. 



Interestingly, these two studies used subjects with different strength training 

backgrounds. In the study by Bauer et al. 16 the subjects were physical education 

students not involved in any form of weight training. The subjects in the study by 

Adams et al. 3 were intermediate level lifters with a minimum of one year of lifting 

experience. The untrained nature of Bauer's subjects may have resulted in the 

improvement occurring via a number of methods whilst the greater training 

experience of Adam's subjects resulted in them responding more to a specific 

stimulus. The effect of similar training protocols on elite athletes taking part in 

lengthy training periods is questionable. 
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Harris et al. 40 divided 42 previously trained men into groups using high force (using 

80-85% of lRM), high power (using 30% of peak isometric force) or combination 

training. The group that underwent high force training improved significantly in the 

lRM parallel squat, lRM ¼ squat, mid thigh pull, and Magaria-Kalamen power test. 

The combination group improved in the same tests as the high force group as well as 

in the vertical jump, vertical jump power and 10 yard shuttle run. The authors 

concluded that where improvement was required across a wide range of performance 

variables, combination training produced superior results. These conclusions were 

supported by Fatouros et al. 28
, who found that combination training produced 

significantly greater improvements in vertical jump performance than plyometrics or 

weight training alone. Whist Harris et al. 40 used trained subjects, Fatouros et al. 28 

used untrained subjects yet both found similar results. This may be considered 

somewhat surprising although it may suggest that both force and velocity of 

contraction are critical variables in a training program designed to improve athletic 

performance regardless of initial training levels. 

Behm et al. 17 studied isokinetic peak torque responses to either high velocity or 

isometric contractions with attempted acceleration. Both training methods produced 

the same high velocity training responses. This led the researchers to conclude that the 

principal stimulus was the attempt to perform ballistic contractions and that the type 

of muscle action was of lesser importance. This finding was partly supported in 
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research conducted by Young & Bilby 113 that suggested that regardless of load, an 

effort to produce explosive contractions may influence the development of high speed 

force production in beginner athletes. 

fu contrast to these findings another report, Behm & Sale 18 suggested that there was a 

velocity specific adaptation to resistance training and that the greatest gains in 

strength occur at or near the training velocity. A study comparing plyometric and 

dynamic push up training on a medicine ball throw and chest press found no 

difference between the groups for the chest press, but that the plyometric push up 

group showed significantly greater improvement on the medicine ball throw 97
. 

Other researchers have concluded that strength and power characteristics are specific, 

and influenced by training protocols. Differences in lRM squat, jump squat and 

vertical jumps have been found between power lifters, Olympic lifters and sprinters 65
. 

These results contradict previous research suggesting that intended rather than actual 

movement velocity is a sufficient stimulus to evoke improvements in explosive tasks. 

fu a study of upper body strength and power in collegiate footballers, significant 

improvement in all strength and power measures were found for both the conventional 

concentric velocity group and the group who were instructed to perform the 

concentric phase as rapidly as possible. The maximal acceleration group performed 

significantly better on the bench press and seated medicine ball tests 50
. These 

researchers concluded that training with maximal acceleration maybe advantageous 

for developing strength and power. 

The published literature relating to the training of muscular strength and power raises 

a number of key issues. It is apparent that a number of methods (high force, high 

velocity, and high force-high velocity combinations) can provide a stimulus to 

improve pe1f ormance on dynamic tasks. However, the lack of long term research and 

the relatively low training level of subjects in most of these studies makes it difficult 

to draw conclusions on the applicability of these training methods to high 

performance athletes. 
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Transfer to Functional Athletic Tasks 

A key question in the development of strength and power capacities is their transfer to 

functional athletic tasks. Baker 8 suggested that training be broken into phases of 

different emphasis to develop the specific capacities required for the vertical jump. 

Stage 1 involves general strength exercises aimed at increasing the maximal strength 

of the muscles involved in jumping, stage 2 involves special exercises aimed at 

training for power and stage 3 requires a training stimulus very similar to the specific 

movement in question. 

Rimmer & Sleivert 81 examined the effects of a plyometrics intervention program on 

sprint performance. In this study, one group completed sprint-specific plyometric 

training whilst another group performed sprint training. The results showed an 

improvement in performance for both the sprint group and plyometrics group and that 

the magnitude of the improvements were not significantly different between groups. It 

was concluded that plyometric training could improve 40 m sprint performance to the 

same extent as standard sprint training. The subjects in this study had no previous 

plyometric training experience and this may have contributed to their positive 

response to this training stimulus. Subjects with greater experience in plyometric 

training may have had greater improvement in their 40 m sprint performance by 

performing specific sprint training rather than plyometric training. 

In a study designed to determine which of three training regimens would be most 

effective in improving performance on a series of dynamic athletic activities, Wilson 

et al. 104 compared traditional weight training, plyometric training and explosive 

weight training at the load that maximised mechanical power output. Subjects were 

tested on 30m sprint, various vertical jump conditions, isokinetic leg extension, 

maximal cycle test and a maximal isometric test. Results of this study showed an 

improvement by all training groups in both the CMJ and SQJ although the plyometric 
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group did not improve their SQJ height. The maximal power group improved 

significantly from pre to post testing and from pre to mid testing occasions. The only 

training group to approach a statistically significant change for the 30 m sprint was 

the maximal power group, whilst both the maximal power group and weight training 

groups improved their 6 s cycle performance. These results raise further questions 

about the optimal stimulus for the improvement of dynamic athletic performance by 

providing an alternative training system that appears to have a positive influence on a 

number of sporting movements. 

The goal of any training stimulus in the sporting environment is to improve 

performance. Whilst a particular training program may improve performance on the 

training task or even a related test item, benefits in the sporting arena are seen only if 

the training program transfers to the event. The critical aspects that determine the 

effectiveness of a particular training protocol relate to an athlete's training level, the 

specificity of movement patterns and velocities, together with individual limitations 

concerning either strength, velocity or speed-strength traits. 

Training Status 

Research on Rugby League players comparing the results of a number of tests of 

upper body power found that National League players achieved significantly higher 

scores than their State League counterparts 9• This suggested that high levels of 

muscular power were an important determinant of success in Rugby League and that 

training should be directed at increasing muscular power using high resistances. 

Furthermore these researchers suggested that this may initially involve more maximal 

strength training to develop an adequate strength base followed by training with an 

emphasis on developing muscular power 9• The researchers in this study concluded 

that upper body maximal power was a strong discriminator of playing level ability. 

The difference in maximal strength levels between the players of different levels was 

the primary reason for the difference in power. As expected the elite professional 

athletes were significantly stronger and more powerful than their semi professional 

and college aged counterparts. This difference is not necessarily a reflection of the 
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difference in playing ability but may be an artefact of the greater volume and intensity 

of strength training likely to be undertaken by the professional athletes. With 

exposure to the same training stimulus as the professional athletes it is possible that 

the lower level players would develop their strength and power capacities to a similar 

level. 

A study conducted by Baker 9 compared the effect of acute program variable 

manipulation using contrast loading (alternating heavy and light resistance) and 

straight sets ( constant resistance) on power output. The experimental group 

interspersed sets of jump squats of 40 kg with a set of 60 kg jump squats whilst the 

experimental group used the 40 kg load only. Performance was assessed by analysing 

the power output during a SQJ with a 40 kg barbell. The results showed a 5.4% in 

SQJ power output after the intervention of a heavier contrast load set. The SQJ power 

output during the second SQJ with 40 kg was significantly higher than during the first 

set and also significantly higher than the control group power output. The subjects 

used in this study were professional athletes who had performed the jump squat 

exercise for two to three years. It is possible that their strength training background 

swayed their performance in favour of the above results due to a history of lifting 

heavy loads in training. This familiar high load stimulus may have been the trigger for 

greater recruitment of high threshold motor units and the subsequent higher power 

outputs on the lighter SQJ. Alternatively, the athletes may have been used to 

performing contrast load training and therefore responded more positively to this 

condition both physically and psychologically. 

A comparison of different loads to determine those that maximise mechanical power 

output during jump squats in power-trained athletes discovered that loads of 55-59 % 

of lRM full squat were optimal in achieving this outcome 12
. These researchers went 

on to suggest that athletes who trained specifically in both maximal strength and 

power training methods may generate maximal power outputs at higher percentages 

of lRM than athletes who had undergone maximal strength training only 12
. The same 

researchers drew similar conclusions when examining performance of an explosive 

bench press throw in elite rugby league players after discovering that maximal power 
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was achieved at a load approximately 55% of lRM bench press 11
. A question arising 

from these findings concerns their practical application to training prescription, 

particularly in sports where maximal strength and power capacities are less important 

for success. Whilst athletes trained specifically in both maximal strength and power 

generate maximal power outputs at higher levels of 1 RM than less highly trained 

subjects, it is unclear whether this ability should be improved in sports such as soccer, 

or whether training utilising loads that maximise power outputs produce the greatest 

improvement in activities such as sprinting and ~umping. 

This indicates that training status may have a significant impact on both performance 

in power dependant tasks and on the relationship between force and velocity in 

powerful performance. It is likely that athletes with a greater history in both maximal 

strength and power training are able to produce maximal power at higher percentages 

of maximal strength than their less highly trained counterparts. The research by Baker 

et al. 11
• 

12 provides an insight into the most important aspects of power performance. 

However, it should be viewed with caution as it also raises questions about the role of 

each of these aspects in sports with different force and velocity components to those 

on which the studies were conducted. Furthermore, the optimal method of 

manipulating the training stimulus is still largely unclear. 

Organisation of the Training Stimulus 

Along with questions regarding the optimal type of training for the improvement of 

dynamic athletic performance, debate exists about the optimal organisation of the 

training stimulus in terms of number of sets, the manipulation of volume and intensity 

and the effects of concurrent strength and endurance training. 

In comparisons of 1 day per week strength training and three days per week strength 

training with the volume of training held constant it has been shown that the higher 

frequency of training produces superior gains in lRM strength 68
. McLester et al. 68 

suggested that from a dose-response perspective, spreading the training load to three 

days per week produces superior results. 
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In a comprehensive review of the literature, Stone et al. 88 made a number of 

recommendations based on available research and the opinions of the majority of 

coaches and athletes. The authors recommended that training programs should 

typically utilise 3-5 sets and that planned variation in training volume and intensity 

(including velocity) should occur. These authors also recommended that training 

exercises should be based on multi-joint, large muscle mass, free weight exercises 

with similarities to performance requirements. Part of these recommendations have 

been supported in work by Sandborn et al. 83 that showed improvements in lRM squat 

and countermovement vertical jump generally showed a superior adaptation for the 

multi set group above the single set to failure group. A limitation to extrapolating the 

findings of this study to the athletic population is the training status of the subjects 

(untrained college women), and the short (8 weeks) duration of the training program. 

An important issue for those involved in the preparation of elite athletes is the 

effective manipulation of training variables over a much longer period. Training 

studies lasting for 12 months or longer have not been reported in the literature. 

Periodisation has been defined as a logical manipulation/variation of training 

variables to achieve specific goals 90
• Stone et al. 90 proposed that 

periodisation/variation appears to be a superior method of strength/power training and 

that this may be particularly so for previously trained subjects. It has been suggested 

that periodised variation of the training stimulus in terms of sequencing of exercise 

selection, volume, and intensity produces superior performance enhancement 90
. In 

another study, periodised models of training were shown to increase lRM squat to a 

greater extent than a constant repetition model or a lower repetition model 89
. This 

information would suggests that a logical manipulation of training variables produces 

superior results but there is little or no evidence of a definitive pattern of program 

variable manipulation that ensures optimal adaptation, particularly where several 

potentially competing aspects are important to performance. 
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Combining Strength and Endurance Training 

Soccer, like a number of other sports requires components of strength and endurance. 

This necessitates training that is aimed at improving both these capacities but research 

examining the concurrent development of both these capacities is inconclusive. A 

number of researchers have demonstrated negative effects on strength performance by 

combining strength and endurance training 26
' 
37

• 
42

' 
47

' 
56

. Although, in one study 

involving active women concurrently training for strength and endurance no negative 

effect on strength performance was found 32
• In contrast other researchers have found 

that combining strength and endurance actually improves performance in either and 

sometimes both types of performance 19
• 
43

• 
96

. 

The confusion created by the conflicting results regarding the interference effects of 

concurrent strength and endurance training is confounded by a number of aspects 

including initial subject levels on various measures of strength, power, and endurance. 

The relative importance of each of these measures to performance in a particular 

event may also cloud the issue. 

Summary 

There appears to be substantial research to establish the ideal range of physical and 

physiological capacities required for performance in elite soccer players. The 

appropriate levels of aerobic endurance, speed, VJ ability and body composition have 

been established. 

Considerable debate exists over the selection of the most appropriate methods of 

assessing strength and power. This debate centres around the reason for testing (to 

define underlying components or measure performance), the validity and reliability of 

various test modes, and importantly, the relationship of results of these tests to athletic 

performance. The development of new tests of muscular strength and power may hold 



some promise in terms of both the measurement of underlying qualities and their 

relationship to sporting movements. 

28 

There are also major questions raised regarding the optimal method for the 

development of speed, strength, and power development. The use of high force, high 

velocity or combination type training programs have all been advocated. Which of 

these methods provides the greatest transfer to athletic events is largely unknown but 

may be influenced by aspects such as the training status of the athlete, the number of 

sets, repetitions, and days per week of training. Added to this is the possibility that the 

attempt to develop different physiological qualities concurrently may depress the 

adaptation in one or more of these qualities. 
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CHAPTER3 
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All subjects were current members of the Australian and/or AIS Women's Soccer 

Teams (n = 10-16, Age 23.48± years, Height 167.7± 6.5 cm, Weight 62.76± 6.53 kg). 

Team members were part of a full time training program conducted at the AIS in 

Canberra from October 1999 to September 2000. As a result of changes to the squad 

and injury or illness a varied number of athletes were tested a t each test occasion. All 

study participants attended an information session describing the research and 

completed an informed consent document. 

Data Collection Points 

Subject test data were collected on three occasions between October 1999 and August 

2000 as part of the build up for the 2000 Olympics (Table 3.1.). Testing was divided 

into three categories, Physiological Testing, Maximal Strength Testing and Isoinertial 

Speed Strength Testing. The aim was to collect data for all categories within a 1 week 

period. 

Table 3.1. Data collection points 

Test Category 

Physiological 

Testing 

Maximum Strength 

Testing (3 RM) 

Isoinertial Speed 

Strength Testing 

Test Occasion 1 

(Tl) 

22/10/99 

21/10/99 

19/10/99 

Test Occasion 2 

(T2) 

18/1/00 

19/1/00 

17/1/00 

Test Occasion 3 

(T3) 

23/8/00 

1/9/00 

25/8/00 



30 

Physiological Testing 

All physiological tests (Vertical jump; 5, 10, and 20 m sprints, and Multistage fitness 

test were conducted according to the procedures outlined in Protocols for the 

Physiological Assessment of Male and Female Soccer Players 94
. These tests were 

conducted on an artificial grass surf ace at the Indoor Soccer Training Hall, AIS, 

Canberra, Australia. The tests were completed in the following order. 

1. VJ 

2. 5 m, 10 m, and 20 m sprint 

3. 20 m Shuttle Run Test 

Subjects were allowed a minimum of 2 minutes rest between attempts at the VJ and 3 

minutes between sprint test efforts. Subjects were required to rest for at least 5 

minutes between completion of one test and their first trial of the next test. 

Vertical Jump 

The Vertical Jump (VJ) was conducted using a Yardstick Jumping Device (Swift 

Performance Equipment, Lismore NSW). 

1. Subject stands side-on to the Yardstick Jumping Device 

2. Whilst keeping the heels on the floor, the subject reaches upward as high as 

possible, fully elevating the shoulder to displace the zero reference vane. 

3. An arm swing and countermovement are used to jump as high as possible with 

the subject displacing the vane at the height of the jump. 

4. The distance between the reach and the jump vane is recorded to the nearest 

1cm. 

5. Subjects performed a minimum of 3 trials with the best score recorded. 
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5 m, 10 m, and 20 m Sprint 

Sprint testing was conducted using timing gates with a Dual beam modulated visible 

RED light system with a cumulative error of± .002 % (Swift Performance 

Equipment, Lismore NSW). 

1. Timing gates were set a 0, 5, 10, and 20 m intervals. 

2. Start and finish lines were marked with tape. 

3. Subjects start their sprint with their front foot on the start line. 

4. The subject starts their sprint when ready and sprints as fast as possible 

through to the finish line. 

5. Split times at 5 m and 10 m and final time at 20 m for three trials were 

recorded to the nearest 0.01 (s). 

6. The fastest time for 5, 10 and 20 m were used for analysis even if these times 

came from different trials. 

Multistage Fitness Test 

The Multistage Fitness Test was conducted using the compact disc version of the 

20 m Shuttle Run Test (Australian Coaching Council 1998). 

1. A 20 m distance was measured and marked with cones. 

2. Players were allowed to warm up and stretch for 5 minutes. 

3. The CD was started at Track 3, which provides instructions to the participants 

on the conduct of the test. After the instruction track, the test was started at 

Level 1. 

4. Subjects were required to place one foot on or over the 20 m line in time with 

the beep. 

5. Subjects failing to reach the line in time were given a warning and to avoid 

elimination were required to be at the other end in time with the beep. 

6. Subjects failing to reach the 20 m line twice in succession were eliminated 

from the test. 

7. Subjects scores were recorded as the level and number of shuttles immediately 

previous to the beep on which they were eliminated which is then converted to 

a predicted VOzmax in ml/kg/min. 



32 

Maximum Strength Testing 

Maximum strength testing was conducted using three movements. Subjects were 

required to lift the maximum weight possible for 3 reps in the Bench Press, Chin Up 

and Leg Press. All tests were conducted in the Weight Training Gymnasium at the 

AIS, Canberra, Australia. 

Test Order 

Strength testing was completed in the following order: 

1. Chin ups 

2. Leg press 

3. Bench press 

A minimum of five minutes rest was taken between attempts on each exercise and a 

minimum of 5 minutes between the completion of one test and the beginning of the 

next test. 

Leg press 

1. Subjects were seated in a 45° leg press with their feet placed in the middle of 

the platform and spaced shoulder width apart. 

2. Subjects then lifted the unweighted carriage off the safety stops by extending 

their legs, removing the safety stops and then bending their legs to 90° to 

allow the platform to come back towards their body. The 90° angle was 

measured by a goniometer placed on the lateral side of the knee with its axis 

through the middle of the knee and the arms of the goniometer extending 

down the lateral side of the lower leg and thigh. 

3. The position of the carriage on the supports was marked with a felt pen whilst 

the subject held the previously established 90° knee angle. 

4. Subjects then completed two warm up sets of 5 repetitions at a self selected 

submaximal load. 
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5. As all subjects were familiar with the use of this testing device through regular 

use in normal training they were instructed to select a starting load that they 

believed would be close to the maximum they could lift for 3 repetitions. 

6. Subjects then attempted 3 repetitions at this load with spotters present and 

were required to lower the carriage to the line marked on the runners 

corresponding to their 90° knee angle and extend at the knee until it was 

straight. Failure to lower the carriage to the prescribed line or extend at the 

knees fully during any of the 3 repetitions constituted an unsuccessful attempt. 

7. Once this load had been lifted, subjects then had 5 minutes rest and repeated 

the attempt with a heavier load. 

8. Subjects were allowed between three and five attempts of progressively 

increasing loads. Increments were established via discussion between the 

subject and the Strength and Conditioning Coach with initial increases being 

generally larger than later increments. An attempt was made to establish a true 

3RM load by continuing to add loads as small as 5 kg as the subject 

approached their limit. 

9. The highest load lifted successfully was recorded in kg. 

Bench Press 

1. Subjects lay on their back on the bench press with their knees bent and feet 

flat on the bench. 

2. Subjects were required to position themselves on the bench so that their eyes 

were level with the bar whilst it was in its supp01ts. 

3. Subjects took a grip on the bar that produced a 90° angle at the elbows and the 

shoulders when the bar was lowered to touch the chest at the nipple line. 

4. Subjects completed two warm up sets of 5 repetitions at a submaximal load. 

5. As all subjects were familiar with the use of this testing device through regular 

use in normal training, subjects were instructed to select a load that they 

believed would be the maximum amount they could lift for 3 repetitions. 

6. Subjects then attempted 3 repetitions at this load with spotters present. 

Subjects were required to lower the bar under control until it touched the chest 



at the nipple line. The lift did not count if the spotters were required to touch 

the bar at any stage during the lift. 
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7. Once this load had been lifted, subjects had five minutes rest and attempted a 

further 3 repetitions at a heavier load. 

8. Subjects were allowed between three and five attempts at progressively 

increasing loads. Increments were established via discussion between the 

subject and the Strength and Conditioning Coach with initial increases being 

generally larger than later increments. An attempt was made to establish a true 

3RM load by continuing to add loads as small as 2.5 kg as the subject 

approached their limit. 

9. The highest load lifted was recorded in kg. 

Chin ups 

1. Subjects performed chin ups on a horizontal bar approximately 3 m above 

the ground that was supported between two uprights. 

2. Subjects completed two warm up sets on the seated lat pulldown machine 

prior to beginning the chin up test. 

3. Subjects were required to take a pronated grip on the bar with their hands 

shoulder width apart. Subjects began the movement from full extension 

and were required to lift themselves up to the point where their shoulders 

were level with the bar and return under control to full extension. No 

swinging of the lower body or ~erky movements were allowed. 

4. Subjects aimed to complete their first set of 3 repetitions at body weight. 

Once successful at this load, extra weight was added by hanging disc 

weights via a chain around the subjects waist. 

5. Subjects were allowed between three and five attempts at progressively 

increasing loads. Increments were established via discussion between the 

Strength and Conditioning Coach and the subject with initial increases 

being generally larger than later increments. An attempt was made to 

establish a true 3RM load by continuing to add loads as small as 2.5 kg as 

the subject approached their limit. 
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6. Due to the challenging nature of this test, some athletes were unable to 

complete 3 reps at body weight. To allow comparison between those 

athletes who completed repetitions at body weight and those who added 

external loads. The following recording procedure was implemented. 1 

repetition at body weight was recorded as 0.33, 2 repetitions as 0.66 and 3 

repetitions as 1. Those who went on to complete 3 repetitions with extra 

load had one added to their external load score to give a final score. 

Isoinertial Speed Strength Testing 

Isoinertial speed strength testing occurred at in the Physiology Laboratory at the AIS, 

Canberra, Australia. Speed strength measures were established from the three 

conditions outlined below with each jump performed using a modified Smith Machine 

device (see Figure 3.l)(Cal Gym, Mooloolaba, Queensland) fixed above a custom 

made force platform (AIS, Canberra, Australia) which determined vertical ground 

reaction force. The custom made force platform consisted of four unidirectional 

quartz force links (Kistler 933 lA, Winterthur, Switzerland) positioned in each corner 

of a 900mm x 600mm alloy plate. Data from each of the force links was processed via 

four charge amplifiers (Kistler 5011, Winterthur, Switzerland) and analogue to digital 

conversion at a sampling frequency of 1500 Hz. Computer software was used to 

generate force versus time (force-time) curves reflecting each squat jump effort. 
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Figure 3.1. Modified Smith Machine mounted over a force platform. 

Test Conditions 

Measurements were taken for 3 conditions, all of which were variations of a VJ. (see 

Figure 3.2.) The use of the VJ (squat jump) to determine force-time curves and 

measure a number of speed strength parameters has been previously established 58
• 

101
. 

Squat Jump (SQJ): Subjects were positioned in the machine so that their knee angle 

was fixed at 120° of knee flexion and then instructed to jump as high as they could as 

fast as they could while the bar stayed in contact with their shoulders 58
• 

101
. 



Controlled Counter Movement Squat Jump (CCMJ): Subjects commenced this 

condition in an extended knee position with their shoulders in contact with the bar. 

The machine was fitted with "stoppers" to allow the subjects to descend to a 

predetermined degree of knee flexion (120°). From the fully extended position, 

subjects were instructed to descend and jump as high as they could as fast as they 

could. 
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Self Select Counter Movement Squat Jump (SSCMJ): In this condition subjects 

were allowed to self select their degree of knee flexion that they descended to before 

commencing the upward phase of the jump. Subjects were required to commence 

their movement from the fully extended knee position and instructed to jump as high 

as they could as fast as they could 101
. 

Figure 3.2. Subject performing a SQJ in the modified Smith Machine. 



38 

Test Order 

Subjects were permitted two practice trials and three test trials in each condition with 

a 3 min rest between trials. 

Test 1: SQJ 

Test 2: CCMJ 

Test 3: SSCMJ 

Subject Familiarisation and Equipment Preparation 

Five days prior to the first test occasion, subjects were familiarised with the testing 

equipment. During this session, subjects were required to perlorm three trials in each 

of the conditions so that they were fully familiarised with the test procedure. At this 

familiarisation session, a number of measurements were taken to ensure the tests 

would be repeated in exactly the same manner on each occasion. 

1. Warm up: Subjects were given a ten minute period in which to warm up 

prior to testing of the first condition. The warm up consisted of running, 

stretching and jump rehearsal without the machine. 

2. Knee angle: A goniometer held on a line drawn through the centre of the 

knee joint was used to determine the position of the thigh and lower leg to 

achieve a knee angle of 120° flexion. Once this had been determined the 

modified Smith Machine was adjusted. 

3. Smith Machine bar position: To ensure the subject was able to stand in the 

120° knee flexion position with the bar across their shoulders, the Smith 

Machine was adjusted so that the stoppers allowed the bar to rest at the 

height of the subjects shoulders. Where necessary, 1 cm spacers were 

added to ensure accurate height adjustment. The position of the stoppers 

and the number of spacers was recorded. 

4. The inclusion of a counter movement jump where the subject had to 

descend from full extension to 120° of flexion required one of the 1 cm 
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plastic spacers to be replaced by a 3 cm foam spacer. This prevented the 

subject coming to a sudden stop at the end of the counter movement by 

compressing under the weight of the bar. The foam compressed by 

approximately 2 cm therefore ensuring the correct knee angle at the end of 

the counter movement. 

5. Foot position: In order to standardise the foot position, subjects were asked 

to place their feet in the most comfortable position to allow them to jump 

as high as they could as fast as they could. Once the subject had 

determined this position, the position of the toes and the medial border of 

the foot were recorded with reference to a grid drawn on the force 

platform. Subjects were then required to assume this foot position for each 

of the test conditions. 

Measurements 

The following measurements were taken for each trial of the 3 jump conditions. The 

best score for each parameter was recorded even if these scores occurred in separate 

trials. Figure 3.3. represents a typical force time curve for the SQJ condition. 

• Starting Strength (SS): Force at 30ms, measured in Newtons (N). 

• Starting Strength relative to body mass (SS/BM): Force at 30 ms divided 

by BM in kg and measured in Newtons per kilogram (N/kg). 

• Maximum Dynamic Strength (MOS): peak force generated during the 

dynamic phase of the movement, measured in kg. 

• Time to Maximum Dynamic Strength (Time to MOS): time taken to reach 

maximum dynamic strength, measured in ms. 

• Maximum Dynamic Strength relative to body mass (MOS/BM): maximum 

dynamic strength in kg divided by BM in kg. 

• Maximum Rate of Force Development (MRFD): the steepest gradient of the 

force time curve over a 5 ms period and measured in N/s. 

• Time to Maximum RFD (Time to MRFD): the time taken to reach MRFD, 

measured in ms. 
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Test Reliability 

Reliability refers to the reproducibility of a measurement 44
. In order to establish the 

reliability of the above test procedures, a group of subjects completed repeated test 

sessions in each of the 3 conditions. These test sessions were separated by a rest day. 

A number of methods are available to assess the reliability of a particular measure. 

Typical Error of Measurement refers to the random variation in a variable across time. 

It is also referred to as Typical Error, Within Subject Deviation and Standard Error of 

Measurement. Typical Error is derived by dividing the standard deviation of the 

difference score by ✓2 44
• 

Coefficient of Variation (CV) is the Typical Error expressed as a percentage of the 

subjects mean score. It has been reported that the Coefficient of Variation is very 

useful for representing the reliability of athletic events or performance tests 44
• For 

most events and tests the Coefficient of Variation is between 1 % and 5 % depending 

on the nature of the test or event 44
. 

Limits of Agreement represent the 95 % likely range for the difference between a 

subjects scores in the two trials. For a normally distributed variable, the Limits of 

Agreement are± 2.77 times the Typical Error 44
. The range defined by the limits of 

agreement can be looked upon as a reference range for changes between pairs of 

measurements so that anything outside this range may be considered a real change. 

A further method of establishing reliability is the Retest Correlation. Whilst Typical 

Error measures variation within a subject, Retest Correlation represents the 

reproducibility of the rank order of the subjects on a retest. A score of 1.00 suggests 

perfect agreement between the two tests. A correlation suggests that the rank order of 

the subjects will be maintained from the test to the retest. Another advantage of Retest 

Correlation is that it is sensitive to the sample from which it is calculated (like 

subjects will produce a lower r) whereas Typical Error can be applied to a population 
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despite the subjects not being totally representative of the study group 44
. 

Baumgaitner & Strong 44
, suggested that the Intra-Class Correlation is superior to the 

Pearson Correlation for measuring reliability, so this technique has been utilised. 

In order for a measure to be considered reliable it is required to have a low Typical 

Error, low Coefficient of Variation, low Limits of Agreement and a high positive 

Correlation. Table 3.2. shows the reliability data for maximal strength and isoinertial 

speed strength variables. For these reasons the following variables have been 

exluded, Chin ups, SQJ F30ms, SQJ F30ms/BM, CCMJ F30ms, CCMJ F30ms/BM, 

SSCMJ F30ms, SSCMJ F30ms/BM, SSCMJ Time to MRFD. 
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Table 3.2. Reliability data for Maximal Strength, Isoinertial Speed Strength and 

Functional Test Variables. 

Variable Typical Typical Error as Limits of Test/ 
Error a coefficient of Agreement Re-test 

(absolute) variation ( % ) reliability 
(r) 

Bench Press 3 RM 1.02 2.4 2.83 0.98 
Leg Press 3 RM 7.36 3.2 20.4 0.97 
Chin-Ups* 0.23 41.4 0.65 0.5 

SQJMDS 7.18 6.1 19.9 0.99 
SQJMDS/BM 0.09 4.4 0.24 0.98 
SQJ Time to MDS 14.32 9.3 39.7 0.56 
SQJMRFD 1540 8.6 4266 0.99 
SQJ Time to MRFD 7.48 10 20.7 0.86 
SQJF30 ms* 3.79 51.9 10.5 0.99 
SQJ F30 ms/BM* 0.05 52.3 0.15 1.0 

CCMJMDS 7.11 6.1 19.7 0.99 
CCMJMDS/BM 0.15 6.8 0.21 0.20 
CCMJ Time to MDS 10.11 7.3 28 0.85 
CCMJMRFD 3280 9.6 9086 0.98 
CCMJTimeto 7.26 17.7 20.1 0.99 
MRFD* 
CCMJF30ms* 4.99 34.2 13.83 0.07 
CCMJ F30 ms/BM* 0.08 38.2 0.23 0.43 

SSCMJMDS 0.25 0.4 0.71 1.0 
SSCMJ MDS/BM 0.03 0.8 0.07 1.0 
SSCMJ Time to MDS 20.05 11.6 55.6 0.94 
SSCMJMRFD 3089 9 8557 0.93 
SSCMJ Time to 14.85 25.6 41.2 -0.83 
MRFD* 
SSCMJ F30 ms* 4.68 25.3 13.0 0.96 
SSCMJ F30 ms/BM* 0.07 26.2 0.2 -0.28 

Sm Sprint 0.03# 
l0mSprint 0.05# 
20mSprint 0.05# 
VJ 2.2" 
20m Shuttle Run 1.4" . ™"1'111'/,a """"'1 Ml 

* Test variable considered unreliable 

# TEM Data obtained from 92
" TEM Data obtained from 31 



Data Analysis 

D_ata was analysed to show changes in performance between the test occasions (TI

T3). 
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The use of an ANOV A to detect changes in performance over time in athletic events 

has been questioned 44
• Hopkins 44 proposed that different standard deviations for a 

particular test at different test occasions pose a problem for a conventional ANOV A. 

This problem becomes apparent when looking at data for individual athletes who may 

be negative, non, or positive responders. This varying response to the treatment may 

cause a change in the consistency of ordering of the subjects for a test and an 

ANOVA is unable to account for these individual differences 44
. 

It has been suggested that determining the effect of a treatment on individuals at one 

extreme of a population distribution (i.e. elite athletes) may require different analysis 

techniques than when trying to establish the effect of a treatment on an average 

individual within a population 45
. Further to this, Hopkins et al. 45 proposed that most 

published data on the effect of training protocols on performance does not apply to 

elite athletes. 

An important consideration when analysing the performance of elite athletes is to 

determine the degree of performance enhancement that is required to make a 

difference in the outcome of the event 45
. A change similar in magnitude to the CV 

has been suggested as a worthwhile enhancement in athletic performance and that in 

some situations improvements as small as 0.3 - 0.4 of the CV are important for the 

highest level athletes 45
. 

A change in pe1f ormance of a particular measure was considered to have occurred if 

the change was greater than the CV. Where established TEM data exists an 

improvement in performance was considered to have occurred if the results from one 

test occasion to another changed by more than the TEM. 
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Individual Differences 

It is possible that some athletes may have responded differently to the training 

programs than others. It is not uncommon in any training situation for some subjects 

to experience large improvements, some to have little or no improvement and some to 

responded negatively to the training stimulus. The difference in response may be due 

to factors such as the anatomy, physiology and psychology of the athletes and that to 

account for these differences it has been suggested that studies be designed to 

estimate individual differences in the outcome 45
• For this reason, interesting data on 

individual changes in performance across the study period have been included. 

Correlations 

Correlation coefficients (r) were calculated to determine the extent of the relationship 

between maximal strength, isoinertial speed strength and functional variables. 

Correlations indicate to what degree pairs of numbers are related 44
• The Pearson 

Product Moment correlations is the most common form of this calculation and it is 

suggested that a correlation of at least 0.9 is required before you can accurately 

predict one value from another [96]. 

All statistical calculations were conducted using Statistica for Windows statistical 

analysis software (1999 Edition; Statsoft Inc, Tulsa, Oklahoma, USA). 

Limitations 

There are a number of limitations which may have affected the results obtained in this 

study and the extent to which generalisations can be made as a result of the findings. 

• Pre-test control: Due to the nature of dealing with an elite sporting team in 

preparation for a major event, limitations existed regarding the control over 

the athletes in the period leading up to each test occasion. Unfortunately, the 
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training schedule did not allow a well standardised pre test environment. It is 

likely that the athletes were particularly fatigued for the third test occasion. 

• Responders v Non-responders: It is reasonable to assume that some athletes 

responded positively to the training stimulus, some negatively and that some 

did not respond at all. The training protocol may or may not have produced an 

overall change in performance (change in mean) but individual athletes may 

have varied greatly in their response 44
• 

• Subject motivation: The level of motivation of the subjects may have varied 

throughout the testing period. During the final twelve month preparation 

leading up to the Sydney 2000 Olympic Games and in preceding years, the 

athletes underwent a large amount of physical testing. It is possible that they 

were less enthusiastic about the testing by the third test occasion than they 

were about the first battery of tests. It is also possible that the psychological 

stress of the upcoming Olympics and the selection process associated with the 

event had an influence on the results. 

• Injury-illness: Due to the long term nature of this study, a small number of 

athletes experienced minor injury and illness during this period. These 

conditions have potentially affected the amount of training completed and 

therefore the performance of subjects on test variables. 

• Variation in sample size: The variation in sample size at different test 

occasions and tasks influences the way in which data should be interpreted. It 

is important to recognise that the percentage of subjects reported to have 

changed in a particular measure are a proportion of the subjects tested on that 

occasion for that specific variable, rather than a percentage of a constant 

number of subjects. 
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• Interference: It is possible that components of the aerobic conditioning and 

skill/tactical training have influenced the strength, power, and speed 

adaptations and therefore test results. Due to the potential for such an 

interference affect it is not possible to attribute performance on test variables 

to the strength/power training alone. 

• Ability to generalise: As the data was collected on a very specific group, the 

ability to apply this information to different groups may be limited. It is 

possible that the study group responded in a unique manner to the training 

stimulus and that the response of other groups may be quite different. 



CHAPTER4 

RESULTS 
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Tables 4.1. - 4.5. display summary data for reliable variables in the maximal strength 

testing and isoinertial speed strength testing along with measures obtained from the 

functional performance tests. All data is presented as number (n), mean (.t) and 

percent (%) of subjects who improved to a greater extent than the CV for each of the 

test occasions. Following the summary tables, Time course changes for the variables 

are included with graphs of individual responses for selected variables for Tl-T3. 

Raw data for each variable is included in Appendix E. 
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Summary Tables 

Table 4.1. Body Mass and Maximal Strength Variables Tl-T3 

Tl T2 T3 % Subjects 
Improvement 

>CV 
Variable n X Std.dev n x Std.dev n x Std.dev Tl- Tl-T3 T2-

T2 T3 
Body mass 16 62.8 6.5 16 62.5 6.7 16 63.1 6.9 

(kg) 

3 RM Leg 12 212.0 47.0 13 253.5 43.0 10 260.00 35.0 82 89 60 
press (kg) 

3RMBench 14 47.0 5.0 14 47.0 6.0 13 47.0 5.0 15 42 50 
press (kg) 
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Table 4.2. Squat Jum,e Isoinertial S,eeed Strength Variables Tl-T3 
Tl T2 T3 % Subjects 

Improvement 
>CV 

Variable n x Std.dev n x Std.dev n x Std.dev Tl- Tl-T3 T2-T3 
T2 

SQJMDS 11 136.8 23.6 14 134.0 18.0 13 141.9 16.5 20 22 64 
(kg) 

SQJMDS 11 2.13 0.27 14 2.17 0.27 13 2.20 0.26 50 44 58 
(kg)/BM 

(kg) 

SQJ 11 158 37 14 136 18 13 240 99 50 0 0 
Time to 

MDS 
(ms) 

SQJ 11 20602 6827 14 21804 4096 13 25378 1436 60 44 58 
MRFD 
(N/s) 

SQJ 11 90 30 14 68 16 13 175 94 90 0 8 
Time to 
MRFD 

(ms) 
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Table 4.3. Controlled Counter Movement Jump Isoinertial Speed Strength Variables Tl-T3 

Tl T2 T3 % Subjects 
Improvement 

>CV 
Variable n x Std.dev n x Std.dev n x Std.dev Tl- Tl-T3 T2-T3 

T2 
CCMJMDS 11 159.6 17.1 14 161.5 33.9 13 180.6 16.8 30 67 58 

(kg) 

CCMJMDS 11 2.49 0.23 14 2.62 0.55 13 2.80 0.37 30 67 50 
(kg)/BM (kg) 

CCMJTime 11 159 21 14 169 51 13 367 144 50 22 0 
to MDS (ms) 

CCMJMRFD 11 28727 9281 14 31886 17756 13 35033 8173 70 67 58 
(N/s) 
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Table 4.4. Self Select Counter Movement Jump Isoinertial Speed Strength Variables T1-T3 

Tl T2 T3 % Subjects 
Improvement 

>CV 
Variable n x Std.dev n ~ Std.dev n x Std.dev T1-T2 T1-T3 T2-T3 

SSCMJMDS 11 141.5 12.3 14 151.1 39.5 13 169.8 28.1 70 78 50 
(kg) 

SSCMJMDS 11 2.22 0.27 14 2.45 0.66 13 2.61 0.41 70 78 42 
(kg)/BM(kg) 

SSCMJ Time to 11 179 39 14 175 49 13 413 138 . 40 11 0 
MDS (ms) 

SSCMJMRFD 11 27173 7551 14 32156 15127 13 35559 11117 80 78 50 
(N/s) 
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Table 4.5. Functional Variables Tl-T3 

Tl T2 T3 % Subjects 
Improvement 

>CV 
Variable n x Std.dev n x Std.dev n X Std.dev Tl- Tl-T3 T2-

T2 T3 
5 m Sprint 11 1.17 0.05 12 1.15 0.06 15 1.16 0.06 33 50 18 

(s) 

10 m Sprint 11 1.97 0.06 12 1.95 0.07 15 1.96 0.08 67 50 36 
(s) 

20 m Sprint 10 3.34 0.10 12 3.30 0.09 15 3.33 0.10 63 56 18 
(s) 

VJ (cm) 10 50 4 13 52 5 15 51 5 57 25 0 

20m 11 47.72 2.59 12 49.06 4.10 14 48.76 4.67 27 33 21 
Shuttle Run 
(ml/kg/min) 
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Time Course Changes 

Maximum Strength 

Figure 4.1 shows the individual time course changes in 3RM Leg Press strength. 

From Tl-T3 89% of subjects increased their 3RM Leg press score. An improvement 

by 82% of subjects from Tl-T2 and 60% from T2-T3 also occurred for this variable. 

Subjects 5, 8 and 16 showed large initial improvement (Tl-T2) and then a decrease in 

strength from T2-T3 although the score at T3 remained above T 1 levels for all three 

subjects. 

3 RM Leg Press/BM followed a similar pattern to absolute 3RM Leg press scores. 

Changes in 3 RM Bench press occurred in far less subjects than for the Leg press test. 

For this measure 15%, 42% and 50% of subjects improved from T l-T2, Tl-T3 and 

T2-T3 respectively. As a result of the emphasis on the training of the lower body, a 

Bench Press graph has not been included. 
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Figure 4.1. Individual 3RM Leg Press Strength (kg) for each test occasion. 
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Isoinertial Speed Strength 

Squat Jump 

Both the SQJMDS and SQJMDS/BM improved across the period of the study 

(Figures 4.2. and 4.3.). The greatest improvements in these capacities occurred from 

T2-T3 (64% and 58% of subjects respectively). A smaller number of subjects 

improved in the SQJMDS from Tl-T2 (20%) and Tl-T3 (22%). A greater number of 

subjects improved in the SQJMDS/BM at Tl-T2 (50%) and Tl-T3 (44%) than the 

SQJMDS at corresponding times. 

SQJ Time to MDS scores (Figure 4.4.) showed an improvement by 50% of subjects 

from Tl-T2 but there was no improvement in Time to MDS between Tl and T3 or 

from T2-T3. In the majority of cases (89%) subjects took longer to reach MDS at T3 

than at T2. 

Generally, SQJMRFD showed an improvement across the period of the study. From 

Tl-T2 60% of subjects increased in this capacity, 44% from Tl-T3 and 58% from T2-

T3. In contrast to these improvements, SQJ Time to MRFD was poorer across the 

study period (Figure 4.5.). The majority (90%) of subjects decreased their SQJ Time 

to MRFD between Tl and T2 whilst at T3 only 8% of subjects performed better than 

at T2. The period from Tl-T3 saw no subjects decrease their Time to MRFD. 
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Controlled Countermovement Jump 

57 

CCMJMDS increased in 30% of subjects from Tl to T2, in 58% of subjects from T2 

to T3 and in 67% of subjects across the study period from Tl-T3 although subjects 2, 

6 and 8 appeared to perform more poorly in this capacity when comparing T3 to T2. 



MDS/BM changed in an almost identical manner to the MDS score for this dump 

condition although a smaller number of subjects (50%) improved from T2 to T3. 
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The CCMJ Time to MDS (Figure 4.6.) measure showed 50% of subjects to have 

decreased their time from Tl-T2 whilst no subjects improved between T2 and T3. 

Analysis of results across the study period from Tl-T3 showed only 22% of subjects 

(subjects 6 and 8) took less time to reach MDS. Comparison of scores from T2 and T3 

revealed no subjects to have improved during this period. 

Generally, CCMJMRFD scores improved across the study period. The greatest 

number of subjects improved between Tl and T2 (70%) but this was followed closely 

by 67% of subjects producing greater MRFD from Tl-T3 and 58% producing more 

force from T2-T3. 
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Self Select Countermovement Jump 

The period from Tl-T3 produced an improvement in SSCMJMDS by 78% of 

subjects. A smaller number (70%) increased this score form T 1 to T2 with the T2 to 

T3 comparison showing an improvement by 50% of subjects (Figure 4.7 .). As 

occurred in the SQJ and CCMJ conditions, SSCMJMDS/BM also increased across the 

study period in a similar pattern to the MDS score with the periods Tl-T2, Tl-T3 and 

T2-T3 resulting in improvements by 70%, 78% and 42% of subjects respectively 

(Figure 4.8.). 

There was a clear trend for an increase in SSCMJ Time to MDS (Figure 4.9.). The 

greatest number of subjects to produce MDS in shorter time ( 40%) occurred from Tl

T2. Analysis of later test periods shows 11 % of subjects (subject 8) improving in this 

capacity from Tl-T3 and no subjects decreasing their Time to MDS when comparing 

T2 to T3. In fact 89% of subjects took longer to reach MDS at T3 than at T 1. 

SSCMJMRFD (Figure 4.10.) improved markedly from Tl-T2 with 80% of subjects 

increasing their score. A large number (78%) also improved from Tl-T3 with 50% of 

subjects showing improvement from T2 to T3. 
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Functional measures 
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Individual changes in functional measures are represented in Figures 4.11. - 4.14.Data 

from the Sm sprint trials show a speed improvement by 33% of subjects from Tl-T2 

and SO% of subjects when comparing T3 to Tl. In the time period T2-T3 only 18% (2 

subjects) improved their time over Sm. Times in the 10m sprint improved for 67% of 

subjects between Tl and T2 and for 36% of subjects from T2-T3. Over the length of 

the study (Tl-T3), SO% of subjects were faster at the 10m distance. The greatest 

percentage of subjects to improve over 20m occurred at the T 1-T2 interval with 63% 

of subjects recording an improved performance. At T2-T3 the number of subjects to 

show improvement was much fewer (18%) with the Tl-T3 period resulting in S6% of 

subjects producing a faster time. 

Improvements in VJ were greatest at Tl-T2 with S7% of subjects ~umping higher. 

Only 2S% of subjects improved their~ump height when comparing Tl-T3 and there 

were no subjects who improved from T2-T3. 



62 

Shuttle Run improvements were generally small across the period of the study with 

27% of subjects from Tt-T2, 21 % of subjects from T2-T3 and 33% of subjects from 

Tl-T3 increasing their score by greater margin than the TEM (Figure 4. 15.) 
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CORRELATIONS 
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Significant correlations (p< 0.05) existed between the following functional variables 

and other measures. Tables 4.6. - 4.8. contain those variables that correlated 

significantly with functional variables. The r value is listed followed by the p value. 

Table 4.6. Significant correlations between functional variables and other 
measures at Tl 

Variable Variable r p 

5 m sprint 10 m sprint 0.91 0.0043 
10 m sprint 20 m sprint 0.94 0.0013 
20 m sprint Vertical Jump -0.78 0.0366 
5 m sprint 20 m Shuttle Run -0.80 0.0301 
10 m sprint 20 m Shuttle Run -0.78 0.0381 
5 m sprint SQJMRFD 0.83 0.0210 
5 m sprint CCMJMDS -0.94 0.0013 
10 m sprint CCMJMDS/BM -0.85 0.0143 
20 m sprint SSCMJ -0.77 0.0422 

MDS/BM 



Table 4.7. Significant correlations between functional variables and other 
measures at T2 

Variable Variable r p 

5 m sprint 10 m sprint 0.96 0.0007 
5 m sprint 20 m sprint 0.83 0.0036 
10 m sprint 20 m sprint 0.92 0.0001 

Table 4.8. Significant correlations between functional variables and other 
measures at T3 

Variable 

5 m sprint 
5 m sprint 
10 m sprint 

Variable 

10 m sprint 
20 m sprint 
20 m sprint 

r 

1.00 
0.98 
0.98 

p 

0.0006 
0.0001 
0.0002 
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CHAPTERS 

DISCUSSION 

The discussion chapter is divided into a number of sections. Overall program design is 

discussed in general, followed by a detailed discussion of the changes occurring from 

Tl-T3. The Tl-T2 and T2-T3 periods are then dealt with individually, including 

specifics of the factors involved in training and their influence on test performance. 

To allow the discussion to focus on strength/power and their expression in functional 

aspects of performance, discussion regarding the influence of skill and aerobic 

training on test results has been limited. Correlations at each test occasion are dealt 

with separately and finally a conclusions and practical recommendations chapter 

follows the discussion. 

Program Goals 

The goal of the Tl-T3 training program was to produce improvements in VJ, 5 m, 

10 m, 20 m sprint and 20 m Shuttle Run performance. 

Overall Program Design 

During the Tl-T3 period, the training program was periodised to bring about peak 

performance at the Sydney 2000 Olympic Games. h1 order for this to occur, the 

twelve month period (mesocycle) leading up to the Olympics was divided into phases 

coinciding with various lead up competitions. Training sessions followed a gradual 

progression towards more specific training as the Olympics approached. This type of 

approach has been demonstrated previously to bring about superior improvements in 

performance than a non-periodised approach 29
• 
90

• 
91

• 
98

. 



67 

Tl-T3 

Functional Variables 

CV reliability data is unavailable and therefore has not been reported for the 

functional variables. Normative data on 5 m, 10 m, and 20 m sprints and VJ show 

mean scores by National level women's soccer players of 1.14 s, 1.91 s, 3.26 sand 51 

cm respectively 94
• These scores are comparable to those obtained in the present 

study. 

Analysis of the changes in Functional variables from Tl-T3 show improvements by 

the majority subjects in all sprint distances whilst changes in VJ and 20 m Shuttle Run 

occurred in a lower proportion of the group (25% and 33% respectively). Increases in 

sprint speed are not surprising given the increasing specificity of the program 

approaching T3 13
, 
76

' 
79

. The utilisation of changes in measures such as sprint speed 

and aerobic capacity has been suggested as an appropriate measure of the success of a 
• • 73 trammg program . 

The overall aim to improve 20 m Shuttle Run performance was achieved by a small 

number of subjects (33% ). The influence on aerobic capacity development of skills 

training, match practise and specific conditioning sessions is likely to be responsible 

for this change. 

3 RM Strength 

The large number of subjects who improved in the 3RM Leg press and 3RM Bench 

press measures was expected given the number of macrocycles between Tl and T3. 

Tl is also likely to represent the lowest level of pe1formance by many of the subjects 

due to a limited training background leading up to the first test occasion. This allowed 

a large potential for change between T 1 and T3. 
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MDS 

The occurrence of the highest mean scores for this variable in the CCMJ and SSCMJ 

conditions at T3 suggests that some aspect of the periodisation allowed a peak in this 

capacity at the final test occasion. A logical manipulation of the training stimulus in 

terms of volume, intensity, and exercise selection has been suggested as being the 

most effective method of strength and power training to cause enhancement in 

performance 90
• 

91
. 

MDS/BM 

The increasing number of subjects to show improvements in the MDS/BM capacity 

from Tl-T3 as the contribution of the SSC increased (i.e. SQJ versus SSCMJ) 

suggests a response to the specific organization of the training stimulus. The 

MDS/BM capacity developed via the training program is most evident in performance 

when comparing over the longest training period of the study. A limitation to the 

literature in this area is the relatively short duration (6-16 weeks) of many of the 

training studies that have looked at the development of strength and power 3• 
16

• 
17

• 
28

• 
40

• 

49
• 
57

• 
66

• 
71

• 
97

• 
113

. The short duration of most studies makes comparisons with this 

project difficult and highlights the importance of long term research in attempting to 

determine the likely adaptations to various strength and power training protocols. 

TimetoMDS 

When comparing T 1 to T3 the majority of subjects took longer to reach MDS in all 

1ump conditions. This result is unexpected considering the planned emphasis of the 

training program prior to the T3 test occasion. It is possible that the periodisation of 

these training programs, either through their organization, the innate requirements of 

the movements, or their performance by the subjects, was ineffective in enhancing 

Time to MDS. However, previous authors have suggested that an approach involving 
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progression towards more specific training as a competition approaches as effective in 

improving dynamic performance 21
• 

87
• 
99

• 

MRFD 

The changes in MRFD point to the existence of a specific adaptation to high velocity 

training movements across the period of the study. This conclusion is supported by 

literature suggesting that high velocity movements are effective in improving MRFD 
57, 77, 113 

Time to MRFD 

As the CCMJ and SSCMJ Time to MRFD variables were unreliable, discussion is 

limited to the SQJ Time to MRFD results. These indicate that most subjects 

performed more poorly at T3 than at Tl. 

Tl-T3 Summary 

The factors responsible for changes across the entirety of the study period are likely to 

be those that have played a role in changes occurring during the shorter time 

segments. Of high importance is the effect of such a long period of training on various 

capacities of strength, power and functional performance. The data from the Tl-T3 

period suggests a trend towards specific adaptation and its expression in functional 

performance. Manipulation of training variables such as volume and intensity play a 

crucial role in the timing of these adaptations and their expression. It is also likely that 

some aspects of performance take longer than others to develop and that initial 

performance levels of a particular capacity influence the magnitude of change 

possible. 

Traditional periodisation models suggest a preparatory training period involving 

phases of hypertrophy, maximal strength, and finally conversion to power, that in 

theory result in improved functional performance 98
' 
99

. The periodisation in the 
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current study varied from the traditional model, particularly in the early preparatory 

period of the year preceding the Olympics. There was no hypertrophy period and the 

utilisation of high velocity sport specific movements began at a very early stage. 

Despite a more rapid progression towards specific movements than suggested by 

traditional models, the program was successful in producing improved functional 

performance. It is beyond the scope of this study to determine which approach is most 

effective in producing performance change over a long training period. In the 

experience of the author*, a limitation to the success of many training programs is the 

exclusion of specific exercises in terms of velocity and movement pattern from early 

phases of a training program. Published literature outlining the effect of traditional 

periodisation on functional performance when conducted over an extended training 

period is scarce. 

Tl-T2 

Strength Training programs one and two (see Appendix B for program details) 

represent the general preparatory period of the mesocycle. In order to introduce the 

athletes to progressively greater intensities of specific training, the initial training 

program employed 3-5 sets of 5-6 repetitions with relatively high intensity loads 

(approximately 80% of maximum). This loading pattern has been described elsewhere 

as the strength phase of the general preparatory period 98
. Other researchers have 

shown that the use of multiple set training as utilised in this study is superior to lower 

volume methods in producing strength and power improvements 68
, 

83
' 
85

, 
88

. 

Functional Variables 

The T2 test occasion displayed a number of subjects having improved in various 

performance measures. The variables to show the largest percentage of subjects 

improving beyond the TEM were the 10 m and 20 m sprints (67% and 63% 

* The author has worked as a Strength and Conditioning Coach involved in the preparation 0£ elite 

athletes for ten years including four years at the Australian Institute 0£ Sport and six years in the 

Australian Football League. 
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respectively). Smaller numbers of subjects showed improvement in the 5 m sprint and 

VJ (33% and 57% respectively). It should be noted that the unavailability of CV data 

limits the analysis and discussion possible for the sprint, VJ and Shuttle Run 

variables. 

The improvements in sprint speed may have been influenced by the same factors that 

resulted in large improvements in 3RM Leg press strength, MDS/BM and MRFD 

measures during this time. These factors would seem to be connected to the Tl-T2 

training regimen. 

Previous research has suggested measures of force or power relative to body mass 

were most likely to correlate to sprint performance 10
' 

110
. The improvement in 

MDS/BM and MRFD may therefore have contributed to the increased sprint speed 

seen in this study. The results found by both Young et al. 110 and Baker and Nance 10 

suggest that the Tl-T2 programs, with an emphasis on both increased strength and 

power relative to body weight (i.e. increased strength without an increase in body 

mass), were important factors in the improved sprint speed at T2 compared to Tl. 

There is some evidence for the impact of light (30% of IRM) jump squat type training 

similar to that performed during T 1-T2 on increasing sprint speed 66
• The influence of 

the T 1-T2 training program on the increased sprint speed is also supported in work by 

Harris et al.40
. This researcher found that when trying to achieve changes in a wide 

variety of variables requiring strength, power, and speed that combination training 

produced superior results. Support for the influence of plyometric training on 

improving sprint speed can be found in work by Rimmer and Sleivert 81
• Training at a 

load that maximises mechanical power has also been shown to improve sprint speed 
104

. It is possible that some subjects subconsciously selected such a load for some of 

the training exercises. For example, Program 2 (Appendix B) required load selection 

that allowed acceleration during the movement. The load selected by the athletes, may 

have by chance, represented a similar percentage of maximum as has been shown 

maximises mechanical power. It may be that this stimulus contributed to the 

improvement in sprint speed. 
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Results from McBride et al. 66 indicated that training with a load equivalent to 

80 % of IRM produced increases IRM strength but poorer performance on a 20 m 

sprint test. There is the possibility that the subjects in the present study used 

excessively high loads (i.e. close to 80% of IRM) in movements intended to be high 

velocity. The results of McBride et al. suggest that a trend towards slower sprint times 

may have been evident in the Tl-T2 comparison but this was not the case. 

The smaller number of subjects to improve in the 5 m sprint compared to the 10 m 

and 20 m sprints raises the question of specificity of adaptation and transfer of 

training to the athletic environment. Despite increases in 3RM Leg Press strength by 

the 82% of subjects, improvements in 5 m sprint speed occurred in only 33% of 

subjects. This finding questions the importance of maximal strength to dynamic 

activities such as sprinting. The questionable relevance of maximal strength to sprint 

speed found in this research is supported by others 10
• 

110
. 

In the present study MDS/BM increased in a large number of subjects whilst only a 

small percentage improved their 5 m sprint times. If MDS/BM represented a measure 

of relative strength, the conclusions of Young et al. 110 and Baker and Nance 10 would 

suggest that improvements in MDS/BM would be reflected in changes to 5 m sprint 

speed but this did not occur in the present study. A likely explanation is that 

MDS/BM as measured during an isoinertial speed strength task represents the 

measurement of a different quality than a measurement of relative strength 

determined using a weightlifting type task. 

VJ performance improved to a greater extent than the CV in over half of the subjects. 

This result was smaller than expected considering the amount of jumping movements 

in the training program, although the majority of such exercises were aimed at 

minimising ground contact time rather than maximising jump height. It appears that 

improvement in the underlying muscular characteristics that contribute to jump height 

were responsible for the improvements seen in VJ rather than large changes in 
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technical efficiency or familiarity with the movement. Previous research has provided 

some insights into the mechanisms at work in this example 65
. 

The attempted acceleration of heavy loads has been shown previously to be an 

insufficient stimulus to produce improvements in muscle power, movement velocity 

or jump height 65
. Research also exists to show the benefit of combining heavy load 

and 

on field low force-high velocity training in improving high velocity force production 

capabilities and jump heights 65
. This type of training is almost identical to that 

undertaken by the present study group and is likely to be the mechanism responsible 

for the increases seen in VJ height. The hybrid nature of the training program could be 

responsible for a degree of change occurring in many variables. 

Along with changes to functional variables associated with the expression of strength 

and power, improvement also occurred in the 20 m Shuttle Run by 27% of the group. 

In comparison to the previous twelve month training program*, the period between Tl 

and T2 contained a large volume and intensity of on-field skill and conditioning 

training. This training is likely to have been responsible for the increase seen in this 

variable. However, previous reviews have shown little change in aerobic capacity 

amongst elite performers following similar training regimens 55
. This suggests that at 

the start of the Tl-T2 period aerobic capacity of the subjects was under developed. 

3RM Strength 

Reliability data showed both the Leg press and Bench Press 3RM tests to be sensitive 

enough to detect relatively small changes in performance with CV scores of 3.2% and 

2.4% respectively. The low CV suggests these tests are useful for the assessment of 

trained athletes. 

* Although records of the previous twelve months skill and conditioning training programs are not 

available, it was considered by coaches and support staff that the current training period was of a 

greater volume and intensity th~n the previous year. 
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The increase in 3 RM Leg press strength by 82% of subjects during Tl-T2 period may 

be considered surprising considering the training undertaken at this time (Appendix B, 

Programs 2 & 3) 40
' 
65

' 
71

. At the time of the initial 3 RM test, the subjects had begun 

what may be termed a "general strength" training program (Appendix B, Program 1) 

with an emphasis on low velocity, high force contractions. However, the period 

between Tl and T2 involved subjects completing programs with a high velocity 

emphasis (Appendix B, Programs 2 and 3). Due to the intended emphasis of the 

program it was expected that adaptations would have occurred in high velocity 

measures (isoinertial speed strength) but not necessarily in low velocity high force 

measures (3RM). Despite the expectation of velocity specific adaptations other 

researchers have reported similar results to the present study 66
. In contrast to the 

findings of increased maximal strength with high velocity training, previous research 

has found increases in IRM squat strength specific to the training load and velocity 

utilised 40
' 
65

' 
71

. 

During the Tl-T2 period only 15% of subjects increased their 3RM Bench press 

score. The minimal changes in 3RM Bench Press strength reflect the lack of emphasis 

of exercises utilising this muscle group in the training program during the Tl-T2 

period (see Appendix B). 

The most highly trained group in previous intervention research, which has been used 

to compare with the results of the current study were those reported by Harris et al. 40
• 

The training status of the subjects in the current study was assumed to be relatively 

high (i.e. national representatives) and so similar results were expected. The 

differences between these data raise questions about the load selection of the athletes 

in this study for those exercises that had a high-speed emphasis. It is suggested that 

the athletes selected a load that was high enough to improve their 3RM rather than a 

lighter load with an emphasis on the velocity of the movement. Alternatively, it could 

be suggested that the high velocity training was a sufficient stimulus to cause an 

increase in 3RM strength, perhaps via activation of high threshold motor units 34
, 

82
. A 

further possibility is that despite the subjects being members of a National team in an 

elite training environment, they had only moderate training histories. The latter would 



have allowed a wide variety of adaptations to very specific stimuli. More highly 

trained athletes would typically have displayed a reduced capacity for strength 

increases from the exercises in the T 1-T2 pro gram 7 
• 
88

. 

MDS 
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SQJMDS and CCMJMDS reliability data revealed a CV of 6.1 % whilst the 

SSCMJMDS had the highest reliability with a CV of 0.4%. The high reliability of the 

SSCMJMDS measure is likely to be related to its similarity to the training exercises in 

terms of joint angle and movement velocity. 

A small number of subjects improved in the SQJMDS and CCMJMDS conditions 

from Tl-T2 (20% and 30% respectively) whilst 70% of subjects showed improvement 

in the SSCMJMDS condition. The MDS capabilities of the current study group were 

lower (134 kg at T2) than that reported for elite female sprint athletes who produced 

mean SQJMDS scores of 179.4 kg 58
. The lower scores achieved in this study group 

are not surprising given the nature of soccer in comparison to track and field. Female 

soccer players are required to have relatively high aerobic capacity and a major 

component of their training is aimed at developing this 24
. However sprinters must 

develop aspects of strength and power to a higher level because this is a major 

contributor to their performance. The development of high levels of strength and 

power in sprinters is not limited by the possible interference effects of concurrent 

strength and endurance training as may occur in soccer7. 

Although the training program between T 1 and T2 contained a high velocity emphasis 

the exercises contained in the program typically involved the use of a SSC (e.g. 

plyometric hurdle jumps). Therefore, it would seem plausible that sufficient 

differences may exist between the SQJMDS test condition and the training stimulus to 

result in a lack of transfer to performance on the test condition73
. 
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The improvement by the majority of subjects in the SSCMJMDS condition may be 

due to the close relationship between the movement patterns of the training program 

and the CCMJ and the SSCMJ. Specifically, the capacity of the subjects to select the 

angle and speed of knee flexion and therefore the contribution of the SSC is likely to 

have been an important contributor to SSCMJMDS performance. The importance of 

specificity when designing training protocols has been demonstrated previously 65
• 

The positive effect of the combination of higher load training followed immediately 

by a high velocity movement would seem to have contributed to the improvements in 

MDS from Tl-T2. Some researchers have concluded that combination training is the 

optimal stimulus for improving dynamic performance 28
• It also appears that the 

greater the similarity between the test and training environments the more likely a test 

is of being able to detect changes in muscle function. 

MDS/BM 

The CV for this variable was 4.4% and 6.8% for the SQJ and CCMJ respectively. The 

CV for the SSCMJ displayed the greatest reliability with a CV of 0.8%. The greater 

reliability of isoinertial speed strength tests where subjects are able to self select the 

contribution of the SSC suggests an influence of the training stimulus. In the training 

environment athletes are able to self select the degree of SSC contribution to the 

movement. The familiarity of the athletes with this movement pattern allows them to 

reproduce a performance more accurately in the testing environment. 

The larger number of subjects to show improvement in the SQJMDS/BM (50%) score 

compared to fewer who increased in the SQJMDS (20%) measure is probably linked 

to the smaller increase required to produce a change outside the CV for the 

SQJMDS/BM variable. Whether such a difference is due to a physiological change or 

occurs as a function of the statistical methods used in this study is beyond the bounds 

of this project. 
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The different pattern exhibited in the changes of the CCMJMDS/BM and the 

SSCMJMDS/BM compared to the SQJMDS/BM also points to the influence of some 

skill or familiarity component influencing the results. Soccer skill training sessions, 

on field agility sessions and gym based sessions all involved the regular performance 

of ~umping movements by the athletes. In these environments, the degree of knee 

flexion selected in the ~ump was at the discretion of the athlete. This has led to the 

SSCMJ test condition most closely resembling the training stimulus and therefore 

showing the largest number of subjects to improve in the MDS/BM score. 

The greater improvements seen in the test movements that mimicked the training 

stimulus supports the concept of specificity of adaptation 99
. This leads to the 

conclusion that training exercises that most closely resemble the particular sporting 

movement where improved performance is sought are likely to have the largest 

transfer. 

Time to MDS 

The Time to MDS variable was the most reliable in the CCMJ condition (CV 7.3%). 

This was followed by the SQJ (9.3%) and SSCMJ (11.6%). The increased CV evident 

in variables involving a time factor suggest that such variables may not be sensitive 

enough to monitor the small changes that occur in high level performers, particularly 

during long training periods. Accordingly, discussion on the Time to MDS variable 

must be undertaken cautiously. 

Time to MDS decreased in 50% of subjects in the SQJ condition, 50% of subjects in 

the CCMJ condition and in the least number of subjects ( 40%) in the SSCMJ 

condition. These results indicate that as the condition moved closer to the training 

stimulus a greater number of subjects performed either at the same level or worse than 

in the initial test occasion. Considering the high velocity component of the training 

programs (Appendix B, Programs 2 & 3) leading up to T2 this result is difficult to 

explain. It is particular I y difficult to explain in light of changes in other parameters 

where specificity of adaptation appears to have occurred 99
• The argument that 
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subjects emphasised force over velocity in the execution of some of the training 

exercises is further supported by the failure of more of subjects to show a decrease in 

Time to MOS. Velocity specific adaptations to a training stimulus have been 

previously demonstrated 57
' 
65

' 
66

. It should also be considered that these results may be 

the function of a less reliable test. 

A possible explanation for the improvements in the SQJ conditions may be that the 

subjects applied the greatest effort to produce force when placed in this condition. 

Perhaps when given the opportunity to utilise a SSC movement there was less 

conscious effort to produce force due to the increased technical requirements of the 

movement. Additionally, the SQJ condition most closely replicates the initial 

requirement of force production to cause movement from a near stationary start. This 

is similar to the situation encountered during the Leg press and Squat training 

exercises and could therefore have been most closely related to the training program 

by the subjects. A further explanation is that a lack of sensitivity exists in the Time to 

MOS measure in the SSCMJ condition resulting in subjects being unable to show the 

large changes required to be considered to have improved in this measure. Previous 

authors have questioned the ability of tests of muscular function to detect training 

induced changes in performance 73
• 

MRFD 

Similar reliability scores were obtained for the MRFD in each jump condition with 

the CV less than 10% in all cases. SQJMRFD scores for this group (21804 N/s at T2) 

are substantially lower than has been found in elite female sprinters (30303 N/s) 58
. 

This finding may have been expected given the different requirements for successful 

performance in track and field as opposed to soccer and therefore the different 

training regimens employed. As the CV for SQJMRD in this study was 8.6%, the 

relatively large error suggests that such results should not be over interpreted. 

It appears somewhat contradictory that the SQJMRFD capacity improved in such a 

large number of subjects yet so few improved their SQJMDS, particularly when many 
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subjects improved their 3RM Leg press score. If subjects had in fact utilised a load 

more conducive to maximal force production than speed of contraction the MOS 

score should have improved to a greater extent than the MRFD score 38
. As this did 

not occur it may indicate that the subjects were more highly trained in force capacities 

than speed capacities and so responded more positively to the speed orientated 

stimulus. This concept is supported by Stone et al. 88 who has suggested that higher 

level athletes require more specific training stimuli to cause an adaptation. 

The CCMJMRFD and SSCMJMRFD changes followed a similar pattern to the SQJ 

condition with increasing numbers of subjects showing greater adaptation as the 

contribution of the SSC increased. These results suggest a specific adaptation to the 

training stimulus, particularly in terms of the relationship between the mechanics of 

the training and test movements. Previous research has been shown to support the 

improvement of MRFD via high velocity training 57
• 
77

• 

Other researchers have shown that improvements in MRFD occur as a result of 

training with either attempted acceleration or slow controlled movements 113
• The 

results of Young and Bilby et al. 113 should be viewed with caution in relation to the 

present study as the method of MRFD assessment was different (isometric). Concerns 

have been raised regarding the use of isometric testing to assess dynamic performance 

due to the neuromuscular and mechanical differences between this mode of testing 

and sporting movements 1
. 

Time to MRFD 

The reliability of scores of the Time to MRFD variable are poor with the CV of this 

measure in the SQJ condition being 10% and its reliability decreasing markedly in the 

CCMJ (CV 17.7%) and SSCMJ (CV25.6%) conditions. The CV for Time to MRFD in 

the CCMJ and SSCMJ was considered unreliable and therefore data from these 

measures has not been included in the discussion. 
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The improved Time to MRFD in the SQJ condition by the majority of subjects lends 

support to the hypothesis that some athletes emphasised heavy loads rather than high 

velocities during the performance of training exercises. This has resulted in the 

subjects' improvement in MRFD occurring from the static position of the SQJ. This 

result supports the concept of specificity of adaptation because the training stimulus 

may have become closely aligned to the SQJ condition due to the high load and slow 

speed of execution. 

Tl-T2 Summary 

The results from the T 1-T2 time period are quite difficult to interpret. Many of the 

results would seem to be contradictory, yet are in a number of cases supported by the 

findings of other researchers. In general, it is considered reasonable to suggest that 

results of the isoinertial speed strength assessment and changes in functional variables 

at this time reflect training induced changes in performance. The manner in which a 

program is executed is likely to have a major impact on the resultant changes in 

performance. Accordingly, the results during the Tl-T2 period support the concept of 

specificity of adaptation. 

A further factor for consideration is the status of athletes when they commence a 

training program, and therefore the influence of that training program. In this case, 

despite high initial 3 RM strength scores and involvement in an elite National Squad 

program, these athletes ( compared to performers in other sports) can be considered 

only minimally to moderately trained. This is particularly true in relation to speed 

strength tasks. Training status has greatly affected the subject's adaptation and 

therefore performance on the assessment tasks. 

It must also be concluded that the poor reliability of some of the isoinertial speed 

strength tests (e.g. CCMJ & SSCMJ Time to MRFD) has influenced the ability of 

such tests to detect changes in performance during the Tl-T2 period. Further work to 

enhance the reliability of these measures may improve their ability to identify training 



induced changes in performance. Until such a time, the interpretation of scores on 

these test variables should occur with caution. 

T2-T3 
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Program three (see Appendix B) represented a move towards more specific training 

following on from Program two in the lead up to the Australia Cup in January 2000. 

The end of the Australia Cup competition coincided with the T2 testing occasion. 

Program 3 involved an emphasis on combination type training where a relatively 

heavy set of a particular exercise was followed by a lighter load high velocity 

movement. The use of combination training has been shown to improve performance 

. b f 2s 40 49 Al .th h f b. . . . h m a num er o movements ' ' . ong w1 t e use o com mation trammg, t ere 

was also an emphasis on obtaining a high contraction speeds in a number of the 

exercises. For example, the athletes were instructed to select a load that would allow 

the weighted split dumps to be completed at a high velocity. This approach was 

included in the training program as velocity specific stimuli have been shown to be 

important in eliciting high speed adaptations 57
• 
65

-
67

• 
77

, 
97

, 
113

• 

Functional Measures 

Performance on tests of 5 m, 10 m, and 20 m sprints and VJ show mean scores by 

National level women's soccer players of 1.14 s, 1.91 s, 3.26 sand 51 cm respectively 
94

. These scores are comparable to those obtained in the present study. 

Changes in functional measures occurred in less subjects than during the Tl -T2 

period. Improvements in sprint speed occurred in only 18% of subjects over 5 m, 

36 % of subjects over 10 m and 18% of subjects over 20 m whilst no subjects 

improved their VJ score. A definitive reason for this is difficult to provide but it 

appears related to a number of issues. 
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Firstly, the improvements from Tl-T2 and the in-season nature of the T2-T3 period 

are likely to have decreased the potential for change in the T2-T3 period. This notion 

is supported in the review by Koutedakis 55
. This researcher reported no change in 

many fitness parameters (including VJ and Standing broad jump) in elite athletes 

when comparing off-season and in-season measures. 

Secondly, it is possible that the training stimulus at this time did not transfer to the 

functional setting as effectively in the T2-T3 period as in the Tl-T2 period despite 

dedicated on field speed training sessions and a velocity emphasis in many of the gym 

based movements (Appendix A, Weekly schedules Post Australia Cup). The 

possibility of less than optimal high velocity adaptations due to subject load selection 

or effort as discussed previously are suggested to have played a role. Alternatively, 

the training program may have contained exercises and movement speeds 

inappropriate to improving functional performance in this group. 

Finally, fatigue was evident in the performance of the functional tests at T3. It is 

possible that this factor has limited performance on the sprint and VJ tests. 

3 RM Strength 

Given the minimal importance placed on upper body exercises during this phase it is 

surprising that 3 RM scores increased in 60% of subjects in the Leg Press and 50% of 

subjects in the Bench Press. However, it is possible that many of the total body 

exercises (e.g. medicine ball squat jump and pass) caused adaptation to occur in the 

upper body musculature. 

The lower body training conducted between the second and third test occasions is 

likely to have played a large part in the results seen for the 3 RM Leg press movement 

(Appendix B, Programs 3-6). All of these programs contained high velocity and high 

force exercises. In programs five and six a combined approach consisting of sets of 

heavy load training with attempted acceleration interspersed with high velocity 
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plyometric movements was employed. Combination type training has been previously 

shown to evoke improvements in both strength and power parameters 28
' 
40

. 

It is interesting to note that during a period of frequent high level competition (T2-T3) 

and intense on field training that the 3 RM Leg press parameter continued to improve 

in many of the subjects, albeit a smaller number than during the Tl-T2 period. A 

number of reasons may exist for this occurrence. 

Firstly, the subjects in the present study possessed sufficiently low initial 3 RM scores 

to allow continued adaptation throughout the phase. Evidence for this type of 

response in sub-elite performers has been demonstrated previously 7• Another 

explanation could be that the soccer subjects placed a major emphasis on the load 

aspect of their strength training exercises and this allowed a continual improvement 

(see Tl-T2 discussion for support of this argument). Finally, the on field training and 

competition stress did not provide a negative interference on strength training 

adaptation for this group of subjects. This possibility has also been supported by 

. h1 prev10us researc . 

MDS 

The mean T3 SQJMDS score of 141.9 kg obtained in this study is substantially lower 

than scores previously obtained on female sprint athletes (179.40 kg) 58
. The change 

in subjects' scores for MDS varied according to the jump condition, with a trend 

towards improvement by a smaller proportion of the group as the contribution of the 

SSC to the jump condition increased. The greater number of subjects to improve their 

MDS in the SQJ and CCMJ conditions when comparing T2-T3 (64% and 58% 

respectively) with Tl-T2 (20% and 30% respectively) appears closely related to the 

T2-T3 training stimulus. A number of movements with a squat jump component 

(Appendix B, Programs 3-6) were included in the program with the velocity of the 

jump action dependant on the exercise. For example, plyometric hurdle jumps are of a 

higher velocity than a squat or medicine ball squat jump and pass. Therefore, all of 

these movements have a varying contribution to the concentric phase of the action 
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from the SSC. As a result it was unexpected that only 50% of subjects improved their 

MDS score in the SSCMJ condition. This test item appears to mimic closely the 

training stimulus, particularly as knee flexion angle during the eccentric phase is self 

selected. However, the reported inability of tests of muscle function to detect training 

induced changes in performance may also have a role to play in the result achieved in 

this situation 73
• The fact that a greater number of subjects improved in conditions less 

similar to the training stimulus than the SSCMJ is difficult to explain. The difficulty 

of this explanation is confounded by suggestions from other researchers that testing 

should be as specific as possible to performance, particularly in relation to mass and 

contraction type 76
• 

One of the most plausible explanations for these results is the approach of individual 

subjects to the training stimulus. Under utilisation of the SSC component in the 

training movements (i.e. performing exercises too slowly) increases subject 

familiarity with exercises involving a limited SSC contribution thereby increasing the 

similarity of the SQJ condition to the training exercises. 

A further explanation is that the training stimulus between T2 and T3 was ineffective 

in producing the expected improvement in SSCMJMDS. These results may also relate 

to the interference caused by other aspects of training, particularly the inability to 

closely control the pre test training and fatigue levels of the subjects. 

MDS/BM 

Previous research has shown elite female track athletes to possess SQJMDS/BM 

scores averaging 3.0 kg/BM 58
• Subjects in this study produced a substantially lower 

mean SQJMDS/BM score of 2.20 kg/BM at T3. The reasons for the lower scores of 

the athletes in the current study on the MDS/BM measure compared to female 

sprinters are suggested to be similar to those proposed for the lower scores found in 

previously discussed speed strength variables. 
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As with the MDS measure, a greater percentage of subjects improved in the MDS/BM 

condition in the SQJ and CCMJ than in the SSCMJ (58%, 50% and 42% 

respectively). It is likely that similar mechanisms are involved in this relative measure 

as influenced the absolute MDS scores for the three ~ump conditions. Unlike the 

Tl-T2 period, the MDS/BM score improved in less subjects than the absolute MDS 

value. The reason for this is unclear and is complicated by the lower percentage of 

subjects improving in the SSCMJ than the other ~ump conditions. 

The level of performance at the T2 test occasion suggests it has a role in the results 

seen for both the MDS and MDS/BM measures at T3. The initial improvement seen 

from Tl-T2 may have raised performance levels to a point where further change was 

less likely to be achieved. In this situation, subjects would have in effect had less 

room for improvement. Despite this possibility, previous work has shown 

improvement in power to occur across multi-year training cycles 6
• The score on this 

measure suggests that a variation in the training stimulus was necessary to illicit 

continued improvement. The notion of programmed variety in a training program as 

an important contributor to continued adaptation is well supported 90
• 

91
• 

TimetoMDS 

The mean SQJ Time to MDS scores (240 ms at T3) exhibited by the subjects in this 

study compare unfavourably with previously reported Time to MDS data on female 

sprinters of 109.3 ms 58
. 

None of the subjects showed a decrease in Time to MDS for any of the ~ump 

conditions from T2-T3. As previously discussed, the training programs at this time 

appeared appropriate to increase aspects of high speed force production. As a 

reduction in Time to MDS did not occur at T3, other factors have played a role. 

The reasons for the poorer performance of the subjects in this study when comparing 

T2 to T3 are difficult to explain with certainty. Despite a lack of clear evidence, it is 

possible that the Time to MDS result has been greatly influenced by both acute and 
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more long-term fatigue. In the lead up to the T3 test period the subjects were under a 

great deal of physical and mental stress. The upcoming Olympics were a source of 

much of the psychological pressure, particularly in regard to selection. The on field 

training was also in its final intense phase. It has been suggested that IRM strength 

can take up to three days to recover following intense training 1
. It is reasonable to 

hypothesise that measures of speed strength may respond in a similar manner. The T3 

isoinertial speed strength testing was preceded by on field soccer training from 8:30-

10:30am. Any fatigue from this session could have negatively influenced the score on 

the Time to MDS measure. Other measures may be less sensitive to fatigue. Another 

explanation is that the training stimulus was inappropriate to reduce the Time to MDS 

capacity. 

MRFD 

The MRFD of subjects in the SQJ at the T3 measurement point in this study was 

again inferior to results reported by Logan 58 in regard to female sprint athletes that 

showed mean values of 30303 N/s compared to the mean of 25337 N/s found in the 

current study group. 

With an emphasis on high velocity movements in both the gym and on field 

environments, improvements by a greater number of subjects in the MRFD measure 

may have been expected. The effectiveness of this type of training in improving 

MRFD capabilities has been demonstrated previously 57
• 
77

• 
113

• In particular, this 

expectation may have applied to the SSCMJ condition whilst in reality this jump 

condition showed improvement by the smallest number of subjects (50% ). 

A possible explanation for this result may be found in work showing that RFD tests 

involving a SSC were unrelated to 30 m sprint performance (a movement that clearly 

contains a SSC) 101
• An extension of this finding is to suggest that the SSCMJ test, 

which potentially allows the greatest contribution from the SSC to the jumping 

movement, was unlikely to be reflective of the training stimulus involving utilisation 

of the SSC. You would therefore expect this jump condition to show the smallest 
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percentage of subjects improving in the MRFD measure. However, this appears 

unlikely as a number of researchers have suggested that the greater the similarity 

between the test and the sporting movement in terms of speed of movement and load 

the greater the relationship that exists between the two and that this similarity is 

desirable in testing protocols 76
' 
79

. 

A more plausible explanation is that the speed of the SSC phase in the training and 

test environments were sufficiently different to prevent the display of velocity specific 

adaptations developed in training. The subjects may have trained at a speed slower 

than the SSCMJ speed and therefore shown little improvement on this task. The 

existence of velocity specific factors in influencing the lack of relationship between 

SSC tests and performance has also been suggested by others 101
. 

The lack of changes seen in the MRFD variable, particularly in the SSCMJ condition 

provide strong evidence that training programs aiming to improve MRFD must ensure 

that high velocity movements are the dominant stimulus. It is suggested that it would 

be advantageous for this type of training to utilise some method of measuring the 

speed of contraction. This would ensure that movement occurs at the desired speed 

rather than relying on less objective means such as subject or coach perception. 

TimetoMRFD 

The CCMJ Time to MRFD and SSCMJ Time to MRFD measures were considered 

unreliable and so have not been included in the discussion. 

Analysis of individual results revealed that a majority of subjects showed no 

improvement in MRFD in the SQJ from T2-T3. The changes from T2-T3 are 

somewhat difficult to interpret and explain. As discussed previously, it would seem 

that the execution of the training stimulus by the subjects in terms of velocity of 

movement has impacted greatly on the differences observed in the isoinertial speed 

strength variables across the T2-T3 time period 65
' 
66

. 
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Factors such as the initial maximum strength and speed strength levels of the athletes 

in this study may have influenced the results during this time period as has been 

reported by other researchers 7• 

In a similar manner to the Time to MDS variable at T3, fatigue factors could have 

greatly influenced the SQJ Time to MRFD result. 

T2-T3 Summary 

A number of complex, interactive factors appear to have played a role in the 

differences seen in various measures when comparing T3 to T2. There is evidence to 

suggest that combining heavy load and high velocity training is effective in 

influencing changes in some parameters. In other examples, the load selection of 

athletes in training exercises appears to have played a major role in limiting 

adaptation to speed strength tasks. The smaller number of subjects to show 

improvement during this time course as compared to the Tl-T2 period suggests that 

the initial improvement of the subjects allowed less opportunity for change in the later 

stages of the mesocycle. There is also a possibility that the training program has been 

ineffective during this time in producing measurable changes in performance or that 

the isoinertial speed strength assessment protocols are not sensitive enough to detect 

changes induced by the training stimulus. 

Tl Correlations 

Correlations at the Tl test occasion showed a number of significant relationships 

between functional variables and other measures whilst T2 and T3 produced 

significant relationships only between the various sprint distances. 

The high correlation between the 5 m and 10 m sprints is not surprising given 

performance over the 10 m distance would seem to be influenced by performance 

over the shorter distance. This may also be true for the strong relationship displayed 
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between the 10 rn and 20 rn sprint distances. However no significant relationship 

existed between the 5 rn and 20 rn sprint distances. This promotes the concept that 

different underlying muscular capacities influence performance on 5 rn as compared 

to 20 rn sprint distances. This can be partly explained by previous work suggesting 

that the leg extension SSC phase in a short sprint is very slow whereas eccentric 

loading and contraction speed increases with increasing sprint distance 111
. It is 

suggested that there is enough variation in the speed of the SSC between the 5 rn and 

20 rn distances for different qualities to effect performance. 

As a result of no significant relationship existing between the 5 rn and 20 rn sprints it 

is logical to assume that the VJ would be more closely related to the shorter sprint 

distances. However, this was not the case as a significant correlation (r = -0.78) 

existed between the VJ and 20 rn sprint. Logic suggests that a short sprint and the VJ 

have more in common in terms of speed of contraction and the requirement to 

overcome the inertia of the stationary body than the movement characteristics of the 

VJ and 20 rn sprint. 

Previous research 111 has reported that maximum speed correlates significantly with 

performance on a drop jump (which is a measure of reactive strength). This lends 

support to the expectation of a relationship between tasks involving less reactive 

strength components (i.e. 5 rn sprint and VJ). Another study has reported that by 

20 rn, approximately 80% of maximum speed is developed 111
. Therefore, as 

maximum speed has not been achieved by this distance, the 20 rn sprint appears to 

still be influenced by factors important to performance over the shorter distances. If 

this is the case then the lack of relationship of the VJ to the 5 rn and 10 rn is even 

more mysterious. 

The results of the present study and previous research provide support for the 

argument that many seemingly similar athletic tasks are mechanically very different 

and that training needs to be very specific in nature to produce perf orrnance changes. 
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Performance on the 20 m Shuttle run was also related to 5 m and 10 m sprint speed. 

This relationship is due to the fact that progression on the 20 m Shuttle Run test is 

determined by the ability of the subject to reach the turning line in a designated time. 

As fatigue sets in, the athlete is unable to run at the required speed and is therefore 

eliminated from the test. As a result of this, absolute speed over short distances effects 

performance on the test because those who have high absolute speed over these 

distances can run at the required speed for longer, as it is a relatively lower percentage 

of their maximum than it is for their slower counterparts. 

It is interesting to note that no relationship existed between the 20 m sprint and the 

20 m shuttle run. This is because the 20 m shuttle run requires the subject to 

decelerate prior to touching the line and turning to run back in the other direction 

whereas the 20 m sprint measures speed over 20 m without any deceleration. The 

deceleration phase in the 20 m Shuttle Run means that speed over the shorter 5 m and 

10 m distances becomes the important factor in performance. 

CCMJMDS showed a strong correlation to 5 m sprint time whilst CCMJ MDS/BM 

was correlated significantly to 10 m sprint performance and SSCMJ MDS/BM was 

correlated to 20 m sprint time. No significant relationships existed between the VJ and 

any measures of isoinertial speed strength. 

These relationships tend to suggest that as sprint distance increase, relative MDS 

(especially when expressed with contribution from the SSC) is more important than 

absolute MDS. From these results, absolute MDS can be considered most important in 

short sprints. It is also possible to conclude that the greater the SSC cycle contribution 

to the isoinertial speed strength test (SSCMJ compared to CCMJ), the more closely it 

is related to longer sprints (20 m v 10 m). However, Young et al. 111 suggested that 

maximum strength/BM (relative strength) is important in short sprints to overcome 

inertia whilst absolute values become more important for longer sprints. The dynamic 

nature of the isoinertial speed strength tests in this study result in the measurement of 

a different strength quality than a weightlifting type task. This is likely to have 

influenced the relationships between the strength test and the functional performance. 
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Interestingly, 3 RM strength was not significantly correlated with any sprint distance 

or the VJ. The lack of relationship between 3 RM strength and VJ has been reported 

elsewhere 13 although the importance of the finding by Baker et al. 13 to the present 

research is limited due to the different mode of speed strength assessment. 

Considering the findings of Young et al. 111 regarding the role of absolute strength in 

sprint performance over longer distances there may have been an expectation of a 

relationship between 3 RM Leg press strength and 20 m sprint but this did not occur. 

A 20 m sprint is relatively short and therefore performance on this task may not be as 

influenced by absolute strength as a sprint of 40 m or 60 m. A relationship between 

one or more of the measures of relative strength and power and VJ could also have 

been expected but such a relationship was not found. 

Results of a study on Nationally ranked female sprinters and hurdlers suggested that a 

countermovement jump was useful in assessing sprint performance 41
. These 

researchers went on to suggest that both long and SSC actions contribute to sprinting 

performance but that there is little in common between the countermovement jump, 

bounce drop jump for height and the 5 step bound as each is testing a different 

component (ie: short, long or a combination) of SSC performance 41
. This may 

explain why a number of isoinertial variables relate to sprint speed at T 1 in this study. 

T2 and T3 Correlations 

The nature of the relationships between variables changed dramatically when 

comparing T 1 to T2 and T3. On the later test occasions no significant relationships 

existed between measures of isoinertial speed strength and functional performance. 

Of interest is the emergence of a significant relationship at T2 and T3 between the 

5 m and 20 m sprints that did not occur at T 1. This may be due to a decrease in both 

the 5 m and 20 m mean times at T2 and T3 when compared to Tl. It is feasible that 

the decrease in 5 m time is an important factor in the change in 20 m time. Previous 



research has demonstrated a significant correlation between short (10 m) and longer 

(40 m) sprints 10
. 
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The lack of significant relationships between the maximum strength and isoinertial 

speed strength variables and functional performance at T2 and T3 yet their existence 

at T 1 is important in assessing the role of strength testing. 

If the isoinertial testing was conducted in a manner vastly different to the mode and 

speed of contraction used in the sprinting and jumping performance the lack of 

relationships may have been expected 79
• In this case however, the testing movements 

appear, on face value to mimic closely both the training stimuli and the functional 

performance tasks. Previous researchers have suggested that tests should be as 

specific as possible to performance in relation to mass and contraction type 76
. 

Comparisons of various tests of MRFD to functional performance have found that 

concentric RFD has the greatest relevance to performance but that tests involving the 

SSC were unrelated to performance possibly because the speed of the eccentric phase 

in the countermovement jump was slower than the eccentric speed in sprinting 101
• As 

two of the three isoinertial tests in this study involved use of the SSC this finding may 

help to explain the lack of relationships found in the present study at T2 and T3. 

A question exists over the ability of the isoinertial speed strength tests used in this 

study to predict or be related to changes in performance, particularly at T2 and T3. 

Changes in both the mean and improvement by individual subjects in functional 

performance to a magnitude greater than the TEM show a change in both sprinting 

and jumping ability has occurred although results on the various isoinertial test 

measures appear unrelated. 

This lends support to the notion that the effectiveness of training should be based on 

changes in performance rather than on measures of muscle function 73 and poses 

further questions about the relationship between various strength qualities and 

performance as raised by Young et al. 112
. 
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The results of this study suggest that as performance capacities improve, the 

relationships between isoinertial tests of muscular function (speed strength) and 

functional performance decrease. It can also be concluded that time is a very general 

measure of sprinting. Isoinertial strength measures such as MRFD and MDS are 

precise measurements and therefore are more likely to be correlated with such 

biomechanical running variables as ground contact time or hip extension speed 69
• 
70

. 

A further conclusion is that a factor not measured by these tests (i.e. skill) has played 

a major role in performance enhancement. 



CHAPTER6 

CONCLUSIONS AND PRACTICAL 

RECOMMENDATIONS 

The results of this research highlight a number of interesting issues in the 

development and assessment of strength and power and the relationship of various 

tests of muscular capacities to functional performance tasks. 
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The hybrid nature of both the sport of soccer, and the nature of the training stimulus 

may have contributed to the improvements in both the tests of underlying muscular 

qualities and those of functional performance. It appears that athletes who have 

progressed to an elite level in a sport such as soccer respond quite differently to a 

given stimulus than athletes in sports requiring greater levels of development of fewer 

capacities (e.g. track sprinters). A training program that contains an emphasis on a 

narrow spectrum of capacities may produce superior results in those capacities than 

the program undertaken by the subjects in this study. 

The precise nature in which a training program is executed seems likely to influence 

the specific neuromuscular response. It is reasonable to conclude from the data 

obtained in this study that an over emphasis on force dominated exercises at the 

expense of lighter load velocity dominated movements limits the development of 

speed strength capacities as measured by isoinertial speed strength assessment. 

Therefore, athletes wishing to develop speed strength qualities should place a greater 

emphasis on exercises with high velocities. This is particularly applicable in sports 

such as Soccer that do not require high levels of contact or the exertion of force 

against heavy loads. 
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The training history of the subjects undergoing a training program with a 

strength/power emphasis clearly plays a major role in the mechanisms of adaptation. 

In the early phases of training a number of stimuli may be responsible for causing 

changes across a wide variety of speed strength variables and functional tasks. As the 

level of performance on speed strength dominated tasks increases, a more specific 

stimulus is needed to cause the desired adaptation. Despite being considered elite 

athletes, the results suggest that the subjects in this study were relatively poorly 

trained in speed strength capacities at the start of the data collection period. 

Responses to a long term preparation for a major event such as that encountered 

during this study are individual in nature. This is supported by the varying number of 

athletes to improve in different measures when comparing one data collection point to 

another. Determining individual limitations to performance is likely to be the key to 

designing programs to allow an individual athlete to achieve the greatest change in 

performance. The statistical approach adopted for this thesis represents a 

methodology for quantifying individual change and so should be favoured over 

conventional methods (e.g. ANOVA) when assessing similar data. 

Designing an appropriate training program to illicit the desired response over a long 

term preparation in a team sport environment such as the Australian Women's Soccer 

Team is an extremely difficult task. The ability to apply the findings of research 

conducted on sub elite performers over periods of as little as a few weeks to the type 

of environment encountered by this study group is limited. The most appropriate 

periodisation model (in terms of manipulation of volumes, intensities and exercises) 

remains largely unproven. However, it appears that a period of ten months is long 

enough to allow both general and very specific stimuli (e.g. on ground speed and 

agility training) to contribute to changes in performance. This study has been unable 

to determine the point at which the emphasis of the stimulus needs to change to allow 

continued improvements in performance although it appears that a variety of stimuli 

were successful in achieving this during the current study. 
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A number of measures of isoinertial speed strength, particularly those that closely 

mimic the training stimulus (SSCMJ MDS, MDS/BM and MRFD) are sensitive to 

aspects of the training program although the changes in these measures seem largely 

unrelated to changes in functional performance as measured by 5 m, 10 m, 20 m 

sprint and VJ. These functional performance tasks are based on the execution of many 

movements. A measurement such as SQJMRFD could have an influence on rate of 

hip extension during the first few strides of a sprint and therefore be indirectly related 

to sprint speed 69
• 
70

• As no lower limb kinematic analysis was conducted in this study, 

the precise effect of the strength training programs and the importance of measures 

such as MRFD to sprint performance is unknown. Despite a lack of relationship with 

the functional variables measured in this study, isoinertial dynamic speed strength 

measures may prove to be a useful tool in determining the level of development of 

underlying neuromuscular capacities that in turn ultimately influence functional 

performance. More work in a controlled setting with high level athletes is required to 

confirm this theory. This work should include an effort to establish and improve test

retest reliability for this mode of assessment and more research conducted combining 

aspects of strength and conditioning and biomechanics. 

The role of maximum strength in the development of high velocity functional 

movements is questionable. Despite continued improvement of the 3 RM Leg Press 

strength measure across the study this was not correlated to changes in functional 

performance at any of the data collection points. It can be concluded that there is a 

point of diminishing returns as far as the continued increase of maximal strength is 

concerned in terms of its transfer to high velocity body weight movements. 

A interesting finding from this research is the possibility that measures of isoinertial 

speed strength involving a time component (Time to MDS and Time to MRFD) are 

particularly sensitive to neuromuscular fatigue. These measures may prove to be 

useful tools in determining levels of acute or long-term fatigue. A role seems to exist 

for these variables in measuring the readiness of an athletes neuromuscular system 

prior to a training session, to determine whether or not they are in a suitable state to 

perform high quality training. Alternatively, they might prove useful in determining 
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an athletes' level of accumulated fatigue from a block of training. This result could 

then be compared to values after a tapering regime to determine the most appropriate 

peaking cycles for elite athletes. The possibility of utilising these measures in such a 

way warrants further investigation. 

Recommendations for Future Research 

• Further work to establish and improve test-retest reliability in measures of 

isoinertial speed strength assessment tasks with high level athletes. Ideally this 

work should be conducted across a number of sports and occur at a variety of 

times throughout preparation and competition. 

• Collection of data examining the interaction between strength and power 

variables and more precise kinematic measures such as rate of hip extension. 

The interaction of these measures and their effect on functional tasks such as 

sprinting and jumping is largely unknown. 

• Examination of the potential use of isoinertial speed strength measures in the 

detection of acute and or chronic fatigue. Measures involving a time 

component (e.g. Time to MDS or MRFD) rather than purely force 

( e.g. MDS) in different jump conditions may have potential for use as 

measures of the readiness of the neuromuscular system for high velocity 

powerful performance. 

• Long term analysis of the effects of various training regimens on elite athletes. 

Currently, the majority of training studies utilise minimally trained subjects 

for relatively short periods of time. The collection of longitudinal data on 

changes in a number of variables and the effects of different training programs 

on these variables would assist in refining the preparation of high level 

athletes for major events. 
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APPENDIX A 

AIS Women's Soccer Training And Competition Schedule 
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Program 

Timeline representing the training and competition schedule from October 1999 to the Sydney Olympic Games in September 2000. 
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AIS Women's Soccer Weekly Training Timetables Whilst Based At The AIS 

October/November 1999 

TIME MON TUE WED THU FRI SAT SUN 

6:30-10:00am Strength training Recovery Strength training Training Breakfast & Free 

(8:00-9:30) (8:30-9:00) (6:30-8:00) (8:30-10:30) Team meeting 

Breakfast Team meeting Breakfast (8:15am) 

(9:30-11:00) 

10:00-12:00 Training Training Training Free Game Free 

(10:30-12:00) (10:00-12:00) (8:30-10:30) (9:30) 

Recovery 

(11:15-11:45) 

1:00-2:00pm Strength training Free Free Free 

( 1 :00-2:00pm) 

2:00-8:00pm Training Video analysis Training Individuals Individuals Free Free 

(3:00-5:00) (2:00-3:30) (3:00-4:30) 

Game 

(6:30pm) 

Free Free Free Free Free 
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Post National League-Week prior to Australia Cup (8/12/1999-31/1/00) 

TIME MON TUE WED THU FRI SAT SUN 

6:30-10:00am Strength training Recovery Strength training Training Breakfast & Free 

(8:00-9:30) (8:30-9:00) (6:30-8:00) (8:30-10:30) Team meeting 

Breakfast Team meeting Breakfast (8:15am) 

(9:30-11:00) 

10:00-12:00 Training Training Aerobics Training Free Game Free 

(10:30-12:00) (10:00-12:00) (9:30-11:00) (8:30-10:30) (9:30) 

Recovery 

(11 :15-11:45) 

1:00-2:00pm Strength training Free Free Free 

(l :00-2:00pm) 

2:00-8:00pm Aerobics & Video analysis Training Individuals Individuals Free Free 

Training (2:00-3:30) (3:00-4:30) 

(3:00-5:00) Game 

Recovery (6:30pm) 

(5:00-5:30) 

Free Recovery Free Free Free Free 
(8:30) 
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Post Australia Cup-Easter 2000 (24/1/00-22/4/00) 

TIME MON TUE WED THU FRI SAT SUN 

6:30-10:00am Strength training Recovery Recovery Training Breakfast & Free 

(8:00-9:30) (8:30-9:00) (8:30) (8:30-10:30) Team meeting 

Breakfast Team meeting Breakfast (8: 15am) 

(9:30-11:00) 

10:00-12:00 Training Training Training Strength training Game Free 

(10:30-12:00) ( 10:00-12:00) (10:00-11:30) (11:00-12:30) (9:30) 

Recovery 

(11:15-11:45) 

1:00-2:00pm Strength training Free Free Free 

( 12:00-1 :00) 

2:00-8:00pm Aerobics & Video analysis Game Individuals Individuals Free Free 

Training (2:00-3:30) (6:30) 

(3:00-5:00) Speed/agility & Recovery 

Recovery conditioning 

(5:00-5:30) (3:30-4:30) 

Free Recovery Free Free Free Free 

(8:30) 
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Post Easter 2000 - Olympics (27 /4/00- 27 /8/00) 

TIME MON TUE WED THU FRI SAT SUN 

6:30-10:00am Strength training Speed/agility & Meeting Recovery Training Breakfast & Free 

(8:00-9:30) Training (9:00) (8:30) (8:30-10:30) Team meeting 

Video analysis (9:00-11:30) Video & (8:15am) 

(9:30-10:30) Breakfast 

(9: 

10:00-12:00 Training Training Training Strength Training Game Free 

(10:30-12:00) (10:30-11:00) (8:30-10:30) (11 :00-12:00) (10:30) 

Recovery 

1:00-2:00pm Free Recovery Free Free 

2:00-8:00pm Aerobics/Conditioning Video analysis Game Individuals Individuals Free Free 

& Training (2:00-3:30) (6:30) 

(3:00-5:00) Training Recovery 

Recovery (3:30-5:00pm) 

(5:00-5:30) Recovery 

Free Free Free Free Free 
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APPENDIXB 

Gym Based Strength Training Program Examples 

The following are examples of the gym-based strength training programs undertaken by the squad in 

the 12 month lead up to the Olympic games. Programs varied slightly for each individual athlete but 

those set out below are representative of the emphasis of each phase. 



AIS WOMEN'S SOCCER 

GENERAL STRENGTH PROGRAM 

OCTOBER 1999 (PROGRAM 1) 

SESSION 1 

Proprioception 
Ladder drills 
D.b static lunge 6 
D.b bench press 6 
Seated row 
Single leg press 6 
D.b shoulder press 
Calf raise/toe raise superset 

Swiss ball back extension arms 
Abs 

SESSION2 

Proprioception 
Ladder drills 
D.b bench lunge 6 
Chin ups 6 
Incline d.b bench press 6 
Leg press 
Lateral raise 
Calf raise/toe raise superset 

Back extension 
Abs 

see Stu 
6 
6 
6 
6 
6 
20 

8 

see Stu 
6 
6 
6 
6 
6 
20 

8 

• Rest for 60-90sec between sets 

6 6 
6 6 
6 6 6 
6 
6 6(seated) 
20 20 

8 8 8 
swiss ball knees off 12 x 5sec 
swiss ball oblique3 x 15 each side 
swiss ball crunch 3 x 15 

6 6 
6 6 
6 6 
6 6 
6 6(seated) 
20 20 

8 8 8 
med ball static pass 3 x50 
med ball side pass 3 x 15 each side 
med ball sit up & pass 3 X 15 

• Increase weight each set so that final 2 sets of each exercise are maximum 
• Aim to increase max weight each week 

Week beginning 4/10/99: 2 sets 
Week beginning 11/10/99: all sets 
Week beginning 18/10/99: all sets 
Week beginning 25/10/99: 2 sets max 
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SESSION 1 

Proprioception 
Ladder drills 
D.b dynamic lunge 
D.b bench press 5 
D.b bench pull 
Single leg press 5 
Alt arm d.b shoulder press 5 

AIS WOMEN'S SOCCER 

EXPLOSIVE STRENGTH PROGRAM 

NOVEMBER 1999 (PROGRAM 2) 

see Stu 
5 5 3* 3* 
5 3* 3* 
5 5 3 3 
3* 3* 
3 3(seated) 

Swiss ball back extension arms with twist 
Abs 

6 6 6 
swiss ball leg tuck 3 x 15 

6each side 

SESSION 2 

Proprioception 
Ladder drills 
D.b bench lunge 
Lat pulldown 
Incline d.b bench press 
Leg press 
Alt arm lateral raise 
Single leg calf raise 

Back extension 
Abs 

5 

5 

6 

• rest for 60-90sec between sets 

see Stu 
5 
5 
5 
5 
5 
15 

6 

swiss ball russian twist 3 x 8each side 
toe touches 3 x 15(weighted) 

3* 3*(low foot position) 
5 3 3 
3* 3* 
3* 3* 
3 3 
15 15(add weight) 

6 6 
single leg balance med ball side pass 3 x 15each side 
single leg balance med ball chest pass 3 x 20 
hanging crunch 3 x 20 

• be explosive on concentric phase 
• follow sets marked * with a set of plyometrics (see Stu) 
• always pre set abdominal muscles before commencing each movement 
• choose a weight that allows you to accelerate the movement and work hard on achieving quick 

contacts on the plyometrics. Your strength is good but we need to work on using it efficiently. 
Speed of movement is the key 
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AIS WOMEN'S SOCCER 

DECEMBER - FEBRUARY 2000 (PROGRAM 3) 

MONDAY & FRIDAY 

Proprioception 
Ladder drills 
Weighted split jumps 
Alt arm d.b bench press 5 
Seated row 
Squats 
Swiss ball d.b shoulder press 
Single leg calf raise 

Swiss ball back extension legs 
Abs 

TUESDAY 

Proprioception 
Ladder drills 
Single leg squat 5 
Single arm lat pulldown 5 
Incline d.b fly's 5 
Single leg press 5 
Swiss ball lateral raise 

Back extension with twist 5 
Abs 

see Stu 
5 5 3 3 3(explosive) 
5 3 3 
5 5 3 3 
5* 5* 3* 3* 
5 3 3 
8 8 8 8(add weight) 

5 5 5 5(add weight) 
swiss ball leg tuck & twist 4 x 8 each side 
swiss ball leg raise 4 x 8 (add weight) 
swiss ball crunch 4 x 8 (add weight) 

see Stu 
5 3* 3* 3*(add weight if possible) 
5 3 3(seated row grip) 
5 3 3 
3* 3* 
5 3 3 

5 5 5(add weight) 
med ball chest pass (random) 4 x 50 
med ball seated side pass 3 x 20 each side 
med ball sit up & pass 3 x 20 

• rest for 90sec-2rnin between sets 
• perform set of 3 plyo's after sets marked* 
• pre set abdominal muscles before each movement 
• concentrate on short ground contacts during plyo's 
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• choose a weight that allows you to accelerate the movement, even in sets with plyo's following 
them, you need to concentrate on having a slightly lighter weight and keeping some speed in the 
movement 

• increase speed of eccentric phase 



AIS WOMEN'S SOCCER 
STRENGTH TRAINING PROGRAM 

MONDAY 

Proprioception 
Ladder 
Med ball squat jump & pass 
Incline d.b bench press 
D.b bench pull 
Pl yo metrics 

Swiss ball back extension arms 
Abs 

TUESDAY 

28/2/00-16/3/00 (PROGRAM 4) 

see Stu 
5 x 3 with lmin rest between sets* 
5 3 3 
5 3 3 3 
see Stu 

5 5 3 
swiss ball pike 
swiss ball obliques 
weighted sit ups 4 x 6 

3(add weight) 
4x6 
3 x 6 each side 

On ground speed/agility and plyometrics. 

FRIDAY 

Proprioception 
Ladder 
Med ball split squat jump & pass 
Chin ups 
Swiss ball d.b bench press 
Pl yo metrics 

Back extension with twist 
Abs 

• rest for 2min between sets 

see Stu 
4 x 3(each leg forward)* 
5 3 3 3 
5 3 3 3 

see Stu 

5 5 3 3(add weight) 
standing med ball side pass 4 x 6 (heavy) 
med ball "throw in" 4 x 6 (heavy) 
weighted crunches 4 x 6 

• Aim to increase weight i£ able to maintain required speed 0£ movement 
• concentrate on short ground contacts in plyo's 
• have high eccentric speed in lower body exercises 
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AIS WOMEN'S SOCCER 

EXPLOSIVE STRENGTH PROGRAM 

APRIL-MAY 2000 (PROGRAM 5) 

April 17-May 12: Mon & Fri gym based, Tue on ground 
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May 15-26: 2 x sessions on ground(including abdominal training), 1 gym based (mainly plyo's 
and abdominal training- new program will be provided) 

MONDAY (gym session) 

Proprioception 
Ladder see Stu 
Med ball underarm toss & Sm chase 5 x 3 with 2min b/n sets(explosive) 
D.b bench press 5 3* 3* 3*(heavy with attempted accel) 
Bent over d.b row 5 3 3 3(slow & controlled) 
Alt arm d.b shoulder press 5 3 3(standing, attempted accel) 
Plyometrics see Stu 

Swiss ball back extension 5 
Abs 

TUESDAY (on ground session) 

FRIDAY (gym session) 
Proprioception 
Ladder 
Push press 
Chin ups 
Alt arm d.b fl.y's 
Swiss ball lateral raise 
Plyometrics 

Back extension 
Abs 

5 
5 

5 

• rest for 90sec between sets 

5 5 3(add weight) 
swiss ball single leg tuck 4 x 6each side 
swiss ball russian twist 4 x 6 each side(add weight) 
swiss ball crunches 4 x 8(one foot & add weight) 

see Stu 
3 
3 
3* 
5 
see Stu 

3 
3 
3* 
3 

3 3 3(explosive) 
3(slow & controlled) 
3*(attempted accel) 
3(seated, attempted accel) 

5 5 3(add weight) 
med ball static pass 6 x 8(heavy, vary pos) 
swiss ball oblique 4 x 8each side (add weight) 
hanging crunch 4 x 8(add weight) 

• follow speed instructions for each exercise 
• maintain emphasis on alignment and stability 



AIS WOMEN'S SOCCER 

EXPLOSIVE STRENGTH PROGRAM 
JUNE-AUGUST 2000 (PROGRAM 6) 

MONDAY 

Proprioception 
Ladder see Stu 
Push press 3 3 3 3 3 
Incline d.b bench press 3 3 3 3 
Alt arm d.b bench pull 3 3 3 3 
D.b walking lunge 3* 3* 3*(each leg) 
D.b shoulder press 3 3 3(single leg stance) 

Swiss ball back extension arms with twist 3 3 3 3each side(add wt) 
Abs swiss ball reverse ab curl 4 x 6(add wt) 

twist machine 4 x 6each side(single leg) 
toe touches 4 x 6(add wt) 

TUESDAY 

On ground speed/agility session 

FRIDAY 

Proprioception 
Ladder 
Push press 
Lat pulldown 

see Stu 
3 3 3 3 3 
3 3 3 3 
3 3 3 Swiss ball d.b bench press 3 

B.b explosive step ups 3* 3* 3*(pick weight that allows some speed) 

Back extension 
Abs 

3 3 3 
med ball static pass 5 x 6 

3(add wt) 

med ball side pass 4 x 6each side 
med ball sit up & pass 4 x 6 

• Rest for 90sec between sets 
• See Stu for plyo's after sets marked* 
• Maintain speed emphasis at all times in push press 
• For all other exercises select a load that is heavy but attempt to accelerate the movement 
• Maintain alignment and stability at all times 
• Add weight to abdominal and lower back exercises 
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APPENDIXC 

Conditioning and Speed & Agility Session Examples 

CONDITIONING SESSION 17/4/00 

1. Aerobics session (footwork emphasis) for warm up 

2. 8 x 50m with walk back recovery 

3. 2( 6 x 30m on 20sec turnaround) 

4. 6 x (20m sprint with jog back, 15m sprint with jog back, 10m sprint with walk 
back) 

5. 6(15m sprint, 15m bwd sprint, 30m sprint with walk back) 

6. Cool down & stretch 

CONDITIONING SESSION 24/4/00 

1. Warm up 

2. Suicides 6(10m,15m,20m) with 45sec rest 

3. Suicides 6(15m,10m,5m) with 30sec rest 

4. ... ... 

... ... 
jog IOm, sprint diagonal x 6 full drill and rep 

5. 8 x 30m sprint with 15mjog back/15m walk back recovery 
6. Cool down & stretch 
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SPEED & AGILITY SESSION 15/2/00 

4 X 1 Om sprint with walk recovery 
4 x 5m with parallel feet start 

4 x 1 Om sprint race 

fwd, bwd, fwd 

SPEED & AGILITY SESSION 29/2/00 

Warm up 
4 x 4 hurdles low height (lmin rest between sets) 

short steps, lean fwd, 

one step change of direction 

6 x 10m sprint from different start positions (lmin between reps) 
2(4 x 4) hurdles (2nd hole) with 5m sprint on end (lmin between reps) 
1 x 3 each side lateral movement for 3m and 3m sprint forward 
Cool down 

SPEED & AGILITY SESSION 21/3/00 

1. Warm up 
2. 6 x 15m sprint with walk back recovery. Vary start position and build up to 

100% 
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3. fwd, bwd, forward x 6 with walk back recovery 

4. 

fwd, bwd, left or right then forward sprint jump hurdle & continue sprint x 2 each side 
5. A 

A A lateral jumps over cones and sprint forward on signal x 3 

6. Cool down & stretch 
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APPENDIXD 

Subject Consent Form 
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CONSENT FORM FOR PERSONS PARTICIPATING IN RESEARCH PROJECTS 

Name of participant: 

Project Title: 

Investigator: 

1. 

2. 

3. 

Signature: 

Signature: 

The changes in strength and power characteristics of women soccer 
players during a long term preparation for a major competition. 

Stuart Cormack 

I consent to participate in the above project, the particulars of which -
including details of tests and procedures have been explained to me. 

I authorise the investigators and their assistants to use with me 
the tests and procedures referred to above. 

I acknowledge that: 
(a) the possible effects of the tests and procedures have been 

explained to me to my satisfaction; 
(b) I have been informed that I am free to withdraw from the 

project at any time and to withdraw any unprocessed data 
previously supplied; 

(c) the project is for the purpose of research not for treatment; 
(d) I have been informed that the confidentiality of the information 

I provide will be safeguarded. 

........................................................... Date: ......... . 
(Participant) 

........................................................... Date: ......... . 
(Witness) 



APPENDIXE 

Subject Information Sheet 
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RESEARCH DESCRIPTION 

Project Title: The changes in strength and power characteristics of women soccer 
players during a long term preparation for a major competition. 

Investigator: Stuart Cormack Ph: 0418 323 915 Fax: 6214 1303 
E-mail: stuart.cormack@ausport.gov .au 

Address at University of Canberra: Stuart Cormack c/o Mark Sayers 

Supervisor: Mark Sayers 

School of Human & Biomedical Sciences 
University of Canberra 
ACT 2617 

School of Human & Biomedical Sciences 
University of Canberra 
Ph: 6201 2608 Fax: 6201 5403 
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You are being asked to participate in a study to monitor the changes in strength and power that 
occur during a long term preparation for a major competition. It is important that you understand 
that your participation is voluntary and that you are free to withdraw at any stage. This research 
study has been considered and approved by the University of Canberra committee for Ethics in 
Human Research. 

Background: 

There is very little research data that exists which details the long term changes that occur in 
strength and power characteristics of team sport athletes. There is no information available in this 
area relating to Women's soccer. 

The large majority of data available regarding the strength levels of athletes has been measured 
using "maximal strength" methods. For example, the maximum weight that can be lifted for 3 
repetitions on the 45degree Leg Press Machine. There is some question as to whether this type of 
strength measurement has any relationship to more specific abilities such as sprinting. 

mailto:stuart.cormack@ausport.gov.au
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Testing: 

In order to obtain more specific information about some of the characteristics that we believe may 
be more closely related to your sporting performance than the 3 repetition maximum leg press test, 
we will be conducting a different type of strength test. 

This test involves performing "squat 1umps" from 3 different positions in a Smith Machine whilst 
standing on a force platform. The tests require you to 1ump as high as you can as fast as you can. 
Three trials will be conducted for each condition with the best score for each condition being 
recorded. The information from the force platform will be relayed to a computer to produce data 
on how much force you produce and how quickly you produce it. The testing will take 
approximately 10-15 minutes on each occasion. 

The other tests in the study are the same as you complete regularly as a part of routine monitoring. 
They are: 20m Shuttle Run, Sm sprint, 10m sprint, 20m sprint, vertical 1ump, and 3 repetition 
maximum leg press test. It is important to understand that if you are ill or injured that you are free 
to withdraw from testing on that day. 

These tests will be conducted in April, June, and August 2000. 

Benefits for you: 

This long term testing will allow us to more fully understand the strength and power adaptations 
occurring in women soccer players over time. We will also gain a greater understanding of the 
relationship of these strength measures to specific game requirements such as sprinting and 
1umping. This will then enhance our ability to provide the most appropriate long term training 
programs. 

All subjects will have access to data relating to their results both during and at the end of the 
project. Subjects will also have access to the investigator to explain the relevance of test results. 

Confidentiality of results: 

All data will be secured in a password protected computer. Any paper records will be kept in a 
locked cabinet. Data will be recorded without any link to the name of the subject involved to 
ensure that you cannot be personally identified. On completion of the project, all data will be 
stored at the University. 

Further questions? 

If you have any questions relating to the study, please feel free to contact Stuart Cormack on 0418 
323 915. 
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APPENDIXF 

SUBJECT RAW DATA 

57.4 58.3 160 2.79 180 250 4.31 45 45 45 

77.2 75.8 78.9 220 2.85 220 2.90 260 3.30 45 45 50 

63.4 63.5 66 45 45 

60.5 60.9 62.1 205 3.39 250 4.11 225 3.62 47.5 47.5 50 

58.8 59.6 58.7 205 3.49 250 4.19 300 5.11 45 45 47.5 

53 51.8 51.4 225 4.25 225 4.34 45 40 40 

65 63.4 66.6 250 3.85 300 4.73 260 3.90 47.5 47.5 50 

58.1 57.6 59 160 2.75 220 3.82 230 3.90 40 42.5 45 

61.3 58.8 63.9 0.00 0.00 0.00 

75 76.4 73.9 160 2.13 50 50 

64.6 65.6 63.4 300 4.64 325 4.95 325 5.13 52.5 55 52.5 

62.5 61.5 64.2 200 3.20 300 4.88 0.00 45 45 

66.3 65.6 62.5 240 3.66 230 3.68 42.5 45 

53.6 53.2 53 175 3.26 220 4.14 230 4.34 47.5 45 42.5 

65.5 64.8 67.5 285 4.35 310 4.78 290 4.30 42.5 45 42.5 



131 

SUBJECT RAW DATA (continued) 

127.9 138.9 117.4 2.1 2.37 2.01 149 467 
172.4 162.1 160.3 2.19 2.12 2 130 120 250 

122.8 111 120.2 1.91 1.76 1.8 123 118 149 
133.4 121.9 135.9 2.13 1.96 2.16 168 147 308 
153 160.4 139.5 2.51 2.67 2.35 145 109 158 

102.3 105.8 1.9 2 207 171 
128.7 131.9 164.4 1.99 2.04 2.44 158 147 152 

141.8 155.2 2.46 2.53 151 189 

141.8 162.7 2.39 2.53 103 292 
145 152.2 1.94 2 197 347 

115.8 133.1 1.81 2.15 214 132 

135.8 138.4 2.01 2.2 141 185 
124.5 119.9 128.8 2.23 2.23 2.46 146 131 307 

179.4 114.6 122.6 2.7 1.78 1.78 95 147 168 



132 

SUBJECT RAW DATA (continued) 

16117 19780 16117 86 78 361 
28083 24176 23687 62 34 181 
21978 20024 20513 57 60 86 
20024 19048 22955 116 85 260 
23932 29304 24664 89 60 99 
9035 13675 86 81 
20757 23443 28083 93 84 96 

20269 26129 83 140 
29060 38095 46 244 

18803 25397 139 284 

13187 19780 136 62 
19292 24664 79 124 

20513 24176 29304 71 60 240 
34188 22466 22222 49 60 100 



133 

SUBJECT RAW DATA (continued) 

150.2 155.1 138.2 2.47 2.38 169 128 510 

184.3 180.6 187.9 2.35 2.36 2.34 160 163 448 

165 153.5 177.9 2.56 2.39 2.65 148 142 142 

136 122.6 189.1 2.17 1.97 3 189 169 401 

161.4 195 174.1 2.65 3.23 2.94 154 124 137 

145.5 123.5 2.62 2.35 189 196 

158.3 248.4 198.3 2.45 3.81 2.94 150 114 116 

150.7 183.3 2.64 3.01 206 426 

160.8 180.7 2.71 2.78 144 353 

165.9 197.9 2.25 2.56 170 529 

142.8 148 2.23 2.36 113 170 

158.1 184.8 2.35 2.91 183 385 

154.1 187.7 195.3 2.75 3.5 3.7 148 123 416 

192.5 117.9 157.3 2.89 1.81 2.32 153 314 510 



134 

SUBJECT RAW DATA ( continued) 

21490 23687 21978 105 442 
49328 76435 32967 39 39 342 
22955 25397 25641 89 85 58 
21490 21490 36874 135 60 362 
21978 34921 27350 121 66 106 
18071 21978 25 60 
32479 67155 47375 58 59 48 

21734 32967 143 361 
27350 38339 103 301 

25885 31502 77 441 

38584 28327 40 78 
20757 33944 143 341 

32479 35653 42735 106 65 378 
31258 17338 33455 76 265 342 



135 

SUBJECT RAW DATA(continued) 

134 147.5 123.6 2.21 2.51 2.05 164 164 
142.1 173 159.1 1.81 2.28 1.98 235 174 550 

145.3 149.1 195.3 2.24 2.31 2.92 127 138 128 

126 164.8 155.3 2.01 2.65 2.4 251 117 432 

143.9 174.6 158.6 2.36 2.89 2.67 187 185 530 
142.6 125.7 2.65 2.35 181 212 

167.4 247.7 233 2.59 3.85 3.45 149 107 112 

93.2 143.8 1.61 2.41 227 469 

170.3 174.3 2.89 2.65 127 389 

145.5 197.7 1.95 2.62 163 408 

124.3 114.8 1.94 1.83 130 204 

115.5 169.6 1.7 2.63 231 474 

132.3 188.4 160.2 2.36 3.52 3.01 203 105 447 

153.2 122.6 149.9 2.31 1.9 2.26 178 215 509 



136 

SUBJECT RAW DATA (continued) 

21978 22955 24420 
31746 48107 23932 
27839 24420 36874 
21245 37607 31258 
16117 29548 28083 
24908 16606 
45665 66422 44689 

33700 24908 
13309 61050 

24664 38828 

26374 30281 
24664 27839 

30281 54457 40537 
28083 30281 30769 



137 

SUBJECT RAW DATA ( continued) 

1.21 1.19 1.19 2.03 2.02 2.01 3.47 3.38 3.4 

1.21 2.04 3.42 

1.23 2.04 3.44 

1.24 1.1 1.14 2.03 1.9 1.95 3.43 3.27 3.32 

1.15 1.13 1.2 1.97 1.93 1.99 3.3 3.38 

1.17 1.09 1.95 1.89 3.26 3.19 
1.23. 1.2 1.12 2.01 2.01 1.94 3.36 3.37 3.29 

1.13 1.21 1.14 1.89 1.99 1.94 3.23 3.32 3.28 
1.2 1.21 2.01 2.02 3.41 3.4 

1.23 1.17 2.04 1.98 3.46 3.3 

1.09 1.19 1.16 1.85 1.95 1.91 3.17 3.26 3.21 

1.14 1.14 1.92 1.94 3.25 3.33 

1.26 1.26 2.12 2.11 3.53 3.54 

1.13 1.07 1.03 1.93 1.87 1.8 3.28 3.19 3.13 

1.13 1.07 1.1 1.96 1.89 1.89 3.33 3.27 3.29 



138 

SUBJECT RAW DATA (continued) 

44 46 54 10.6 49 11.6 52.2 10.9 50.2 

52 52 8.1 40.2 

41 11 50.5 

49 53 51 9.1 43.6 9.3 44.2 9.3 44.2 

53 51 48.4 10.4 48 

51 50 11 50.2 10.1 47.1 

50 50 48 9.3 44.2 9.1 43.6 9.1 43.6 

47 50 49 11.1 50.5 12.8 56.3 12 53.7 

51 51 10.39 47.7 10.3 48 

48 54 9.4 44.5 10.6 49 

60 64 62 10.4 48 11.1 50.5 11.3 51.4 

53 48 10.1 47.1 9.4 44.5 

46 47 9.7 45.8 10.4 48 

52 55 53 11.3 51.1 11.1 50.5 12.1 54 

48 46 47 10.3 47.7 10.3 47.7 10.3 47.7 
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