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ABSTRACT

Introduction: Rugby is a professional sport which places emphasises on strength, power, speed
and endurance. Therefore the accurate assessment of rugby performance is very important for
sports and exercise therapists to enable peak performance for the players. Lower limb strength is
often tested by means of isokinetic testing, whilst functional power is tested by means of the
vertical jump test. Sophisticated equipment used in the measurement of performance indicators,
are often not available in smaller communities and rural areas. A good correlation between
laboratory testing and functional testing could be of great value for determining performance in less

fortunate communities.

Aim of Study: To determine the relationship between isokinetic strength testing of the quadriceps

and hamstring muscle groups and vertical jump performance in rugby players.

Methods: Fifty one male, rugby players who were part of the Varsity Cup Tournament in (2011)
participated in this study. Ethical approval was given by the Human Research Ethics Committee
(HREC) of the University of Witwatersrand. Height and weight were measured. Isokinetic knee
extensor and flexor strength was tested (Biodex system 4 dynamometer ™ ) at 60°/sec (5
repetitions), 180°/sec (10 repetitions) and 300°/sec (15 repetitions). A single leg vertical jump was
done using the Vertec and the performance was assessed as maximal height jump in centimetres.
Descriptive statistics (mean and standard deviation) are reported for all outcomes. The SPSS
software (IBM. SPSS version 21) was used for analysis. A Pearson's Product Moment Correlation
coefficient was calculated between the isokinetic parameters of quadriceps and hamstring muscles
and the vertical jump height and power (watts). An independent t-test and a paired t-test were used
to calculate the differences between the forward and backline players and the dominant (Dom) and

non-dominant (ND) legs.

Results: The mean age of the participants was 21.4 + 1.2 years; they were 1.83 + 7.4m tall and
weighed 99.3 + 13.8kg. There were 26 forward players (mean height of 1.88 £+ 7.2m and mean
weight of 109.9 + 10.3kg) and 25 backline players (mean height of 1.80 + 5.5m and mean weight of
88.3 + 6.1kg). The forwards were significantly taller and heavier than the backline players (p =
0.0001). The forwards produced significant greater peak power in the vertical jump than the
backline players in both the dominant and non-dominant legs (p=0.0001). The PT (Nm) decreased
as the angular velocity increased from 60°/sec to 300°/sec. A significant negative correlation (r = -
0.313; p = 0.025) between peak torque (PT) concentric strength from the hamstrings at 60°/sec
and the vertical jump height on the non-dominant side were found. Quadriceps PT to vertical power
at the higher velocities showed significant correlations at 180%sec (dominant: r = 0.294; p = 0.011)



and 300%sec (dominant: r = 0.352; p = 0.011; non-dominant: r = 0.293; p = 0.037). No significant
correlations were found between peak torque and vertical jump height when corrected for body
weight. When correlating PT and vertical jump power corrected for body weight significant negative
correlations was found at 180°sec (dominant: r = 0.319; p = 0.022; non-dominant: r = 0.305; p =
0.030) for the hamstrings.

Conclusion: The findings from the presented study found no significant correlation between lower
limb isokinetic knee muscle torque parameters and vertical jump performance in rugby union
players. Future research should investigate the relationship between isokinetic testing and vertical

jump height by including the parameters of a multi joint mechanism.



ACKNOWLEDGEMENTS

I would like to express my sincere gratitude and appreciation to the following individuals for their

assistance with my research report:

My supervisors Doctor Kerith Aginsky and Professor S J Moss for their assistance, advice and

guidance.

I would especially want to thank Doctor Kerith Aginsky for her constant encouragement, motivation

and positive attitude during the whole writing period of this thesis project.

Prof. Melainie Cameron for her help and advice.

Mrs. Irene Janse van Noordwyk for the formatting.

Prof. Annette Combrink for the language editing.

Mrs. Mari van Reenen who assisted with the statistical analysis and interpretation thereof.

The North-West University Rugby Institute players, coaches and sports scientists for their

cooperation.

The North-West University for the use of the data and all the biokinetics personnel who assisted

with the data collection.

My parents who supported me through the years of study.



11
1.2
13
1.4

2.1
2.2
2.3
2.4
2.5
2.6
2.7

3.1
3.2

3.3

3.4

3.5
3.5.1
3.5.2
3.5.3
3.6
3.6.1
3.6.2
3.6.2.1
3.6.2.2
3.6.2.3

TABLE OF CONTENTS

DECIANALION. .. .. et e e e e e ii
1] 1= X PP iii
ACKNOWIEAGEMENLS ... s Y
Table Of CONtENTS. .. ...t e e e e Vi
LISt OF TaIES. . e e e e viii
LISt Of FIQUIES ... e e e e e e e e X
DefiNItiON Of TOIMS ... ettt e e e e e e e Xi
List Of ADDreviations. .. ... Xiii
Chapter 1: INtroduCtioN......ccoovviiiiiiic 1
AM Of STUAY . e e e e e 2
ODbjective Of STUAY ... e e ——————— 2
HYPOINESIS ..o e e e e ———————————— 2
NUITHYPOINESIS ...ttt e e e e e 2
Chapter 2: LiteratuUre REVIEW.......oi it e et 3
The Game Of RUQGDY ... ... e e e e e 3
The Biomechanics of the Knee JOINt............oouiniiiiiiiiii e e 5
Fitness Testing fOr RUGDY . .... ... i i neeenereneennernnne 6
Lower Limb Muscle Strength and ISOKINELICS.............viiiiiiiiiiii s 7
Isokinetics and the Knee JOINt ... 10
Lower Limb Muscle Power and Vertical Jump ............coo i 10
Isokinetics and Vertical Jump Performance............cccoooeeieiei 12
Chapter 3: MethOdOI0gY ... ..uueiiiiiiiiiiii e e e 14
Methods Of STUAY ... e e 14
I L8 0 YA 3 1= ] o | o 14
SItE OF STUAY ... e e e 14
Study Population and Selection.......... ... 14
Measuring Tools and Instrumentation.................coooiiii it i 14
ANTNEOPOMEIIY .o e e e e 14
ISOKINELIC TESHING ... v ittt e e e e e e e e e e e 15
Single Leg VertiCal JUMP ... e e e e e e 15
StatiStiCal ANAIYSIS. .. ... e ——— 16
DESCrIPLIVE STALISHICS. .. .. ittt e e et e e e e e e e e 16
EXPIOratory ANAIYSIS. .. vttt it e e e e e 16
Pearson’s Product Moment Correlation COeffiCient.............oooviiiiiiieeiiiiiiiiiieeee e 16
TaTo [T 01T o [T LA I (5 16
=T =T 0 I =2 PSR 17



3.7 EtNICaAl ASPECES. .. ettt e e 17
4. Chapter 4: RESUILS.....ooi e e neees 18
4.1 Demographic INformation.......... ..o e e 18
4.2 Vertical Jump MeasUIrEMENTS ...t e et e ettt ee e e e e e e eeeeees 18
4.3 ISOKINELIC Parameters. ... ..o e e e e e 20
4.3.1 Quadriceps Peak Torque (NIM) ... v e e e e 20
4.3.2 Quadriceps Peak Torque/Body Weight Ratio (%0)........c.ccveriieiie i e 21
4.3.3 Hamstring PeakK TOIQUE..........iuit ittt et et et e e e e e eereaeeees 22
4.3.4 Hamstring Peak Torque/Body Weight Ratio (%0).......cuvveeriirie e e 23
4.3.5 Unilateral Hamstring/Quadriceps Reciprocal Ratio (%0)..........ccvviiriiiiiiiie e 24
4.4 L0 0 =1 F= 11 0] 1 25
5. Chapter 5: DISCUSSION ...ttt ittt e et et e et e e e e 38
5.1 Demographic INformation......... ..o, 38
5.2 Vertical Jump Height and Peak POWer.......... .o, 38
5.21 ISOKINELIC Parameters. ... ....covi i e 40
5.3 Quadriceps Peak Torque and Peak Torque to Body Weight Ratio......................... 40
5.4 Hamstring Peak Torque and Peak Torque to Body Weight Ratio.......................... 42
5.5 Unilateral Hamstring/Quadriceps Reciprocal Ratio...............c.coovciiiiiiiiii v, 42
5.6 Peak Torque to Vertical Jump Height and Peak Power................coooiiiiiiiiniiininnnnns 43
5.7 Peak Torque to Body Weight Ratios to Vertical Jump Height and Peak Power.......... 44
5.8 Reciprocal Ratios to Vertical Jump Height and Peak Power ...................cooineen. 45
6. Chapter 6: Summary, conclusion, limitations and recommendations................. 46
6.1 YU 10 0> 7Pt 46
6.2 (@] 0 ox 01 (o o 1R PR 47
6.3 Limitations and RecommendationsS................uuuuuuiuuuiuieieiieeieeeieeeieeeeeeereeeeeeeeeeeeeeeeneees 47
7. R B BNC S .. e e 48
Appendix A D = L= T 1T PP 54
Appendix B : Permission letter from the North-West University...........cccccvvvevieeviiivieeieeeeeeeenen, 56
Appendix C . Ethical Clearance CertifiCate. ........cooooiiii e 58
Appendix D . Informed Consent Form For Biodex Evaluation.............cccccovvviii 60
Appendix E:  : Language editing CertifiCate............uuvriiiiiiiiiiieieee e 63

Vii



LIST OF TABLES

Table 4.1
Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 4.8

Table 4.9

Table 4.10

Table 4.11

Table 4.12

Table 4.13

Table 4.14

Table 4.15

Demographic Information for the Total Group of Rugby Players..................

Mean Quadriceps Muscles Peak Torque Values at values at 60°/sec,
180°sec and 300°sec for the Rugby Players and Comparing Forward
and Backling Players. ...,

Mean Quadriceps Muscle Peak Torque to Body Weight Ratios (%) at
60°sec, 180°%sec and 300°sec for the rugby players and Comparing
Forward and Backline Players...........oooi

Mean Hamstring Muscle Peak Torque Values at 60°%sec, 180%sec and
300°sec for the Rugby Players and Comparing Forward and Backline
e oY

Mean Hamstring Muscle Peak Torque to Body Weight Ratios (%) at
60°/sec, 180°%sec and 300°sec for the Rugby Players and Comparing
Forward and Backline Players...........oooo

Correlation between Vertical Jump Height (cm) and Quadriceps and
Hamstring Peak Torque (Nm) at 60°/sec, 180°sec and 300%sec for the
RUGDY PlaYErS. ... e

Correlation between Vertical Jump Height (cm) and Quadriceps and
Hamstring Peak Torque (Nm) at 60°/sec, 180°sec and 300%sec for the
BACKINE PIAYEIS.......ceiiieiiiieieieieeeeeeeeee ettt ettt ettt e e

Correlation between Vertical Jump Height (cm) and Quadriceps and
Hamstring Peak Torque (Nm) at 60°/sec, 180°sec and 300%sec for the
Forward Players. ...

Correlation between Vertical Jump Peak Power (watts) and Quadriceps
and Hamstring Peak Torque (Nm) at 60°%sec, 180°sec and 300°sec for
the RUQGDY PIAYEIS......ceiiiiiiiiiieiiieiiieeiete ettt ae e ae e aeeaeeeaeeeaeeeseeeees

Correlation between Vertical Jump Peak Power (watts) and Quadriceps

and Hamstring Peak Torque (Nm) at 60°%sec, 180°sec and 300°sec for

the Forward PIayers. ...,

Correlation between Vertical Jump Peak Power (watts) and Quadriceps
and Hamstring Peak Torque (Nm) at 60°%sec, 180°sec and 300°sec for
the Backling Players..........coooo i,

Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) ratios (%) and Vertical Jump Height (cm) at
60°/sec, 180°sec and 300°%sec for the Rugby Players...........c.cccceervennne.

Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) ratios (%) and Vertical Jump Height (cm) at
60°/sec, 180°/sec and 300°sec for the Forward Players.............cccccueene...

Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) ratios (%) and Vertical Jump Height (cm) at
60°/sec, 180°/sec and 300°sec for the Backline Players..............ccccuueun...

Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) ratios (%) and Vertical Jump Peak Power at
60°/sec, 180°sec and 300°%sec for the Rugby Players...........c.ccccoeervennnne.

viii

Page

21

22

23

24

26

27

27

30

30

31

31

32

32



Table 4.16

Table 4.17

Table 4.18

Table 4.19

Table 4.20

Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) ratios (%) and Vertical Jump Peak Power at
60°/sec, 180°/sec and 300°sec for the Forward Players.............c.ccueen......

Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) ratios (%) and Vertical Jump Peak Power at
60°/sec, 180°/sec and 300°sec for the Backline Players.............ccccccueeue...

Correlations of the Reciprocal Ratio (%) and the Vertical Jump Height
(cm) and Peak Power (watts) in both the Dominant and Non-Dominant
Legs in the Total Group of Rugby Players...............uuiiiiiiiiiiiiiiiieieieeeeen

Correlations of the Reciprocal Ratio (%) and the Vertical Jump Height
(cm) and Peak Power (watts) in both the Dominant and Non-Dominant
Legs in the Total Group of Forward Players...........ccccooeeieie,

Correlations of the Reciprocal Ratio (%) and the Vertical Jump Height
(cm) and Peak Power (watts) in both the Dominant and Non-Dominant
Legs in the Total Group of Backline Players............ccccccooe,

Page

36

36

37

37



LIST OF FIGURES

Figure 4.1

Figure 4.2

Figure 4.3

Figure 4.4

Figure 4.5

Figure 4.6

Figure 4.7

Figure 4.8

Figure 4.9

Figure 4.10

Figure 4.11

Figure 4.12

Figure 4.13

Mean vertical jump height for the total group of rugby players and
comparing the backline and forward players.........ccocooioioiiiiiiiieieiiies

Mean vertical jump peak power for the total group of rugby players and
comparing the backline and forward players............cccccceeee .

Mean unilateral reciprocal ratio (%) at 60°/sec, 180°/sec and 300°/sec for
the rugby players and comparing forward and backline players.................

Correlation between vertical jump height (cm) and hamstring peak torque
(Nm) at 60°/sec on the non-dominant side for the rugby players.................

Correlation between vertical jump peak power (watts) and quadriceps
peak torque (Nm) 180°/sec on the dominant side for the rugby players.......

Correlation between vertical jump peak power (watts) and quadriceps
peak torque (Nm) 300°/sec on the dominant side for the rugby players.......

Correlation between vertical jump peak power (watts) and quadriceps
peak torque (Nm) 300°/sec on the non-dominant side for the rugby
PIAYETS. ...ttt

Correlation between vertical jump peak power (watts) and hamstring peak
torque (Nm) 60°/sec on the dominant side for the rugby players.................

Correlation between vertical jump peak power and quadriceps muscle
peak torque to body weight (PT/BW) ratios (%) at 60°%sec on the
dominant side for the rugby players..........cocccoiieiiiiiiiiiccccc s

Correlation between vertical jump peak power and quadriceps muscle
peak torque to body weight (PT/BW) ratios (%) at 180°%sec on the
dominant side for the rugby players..........cccccooiiiiiiiiiiicc s

Correlation between vertical jump peak power and hamstring muscle peak
torque to body weight (PT/BW) ratios (%) at 180°sec on the dominant
side for the rugby players..........oo

Correlation between vertical jump peak power and hamstring muscle peak
torque to body weight (PT/BW) ratios (%) at 60°%sec on the non-dominant
side for the rugby players..........oo

Correlation between vertical jump peak power and hamstring muscle peak
torque to body weight (PT/BW) ratios (%) at 180%sec on the non-
dominant side for the rugby players..........ccoooiii e

Page

19

20

25

26

28

28

29

29

33

33

34

34



DEFINITIONS OF TERMS

Front-row Players: The forward players who are the loose-head prop, the hooker and the tight-

head prop. These players usually wear jerseys No. 1, 2 and 3 respectively. )
Scrum Half: A player nominated to throw the ball into a scrum who usually wears jersey No. 9.%

Try: Method of scoring: When an attacking player is first to ground the ball in the opponents’ in-

goal, a try is scored. @

Conversion Goal: When a player scores a try it gives the player's team the right to attempt to

score a goal by taking a kick at goal; this also applies to a penalty.®

Set Piece: It is a means of restarting a game after either a minor infringement or when the ball

went out of play e.g. the scrum or lineout.")

Scrum: This happens when players from each team come together in scrum formation so that play

can be started by throwing the ball into the scrum after stoppage for a minor law infringement.®)

Ruck: A ruck is a phase of play where one or more players from each team, who are on their feet,

in physical contact, close around the ball when the ball is on the ground.®
Maul: A maul begins when a player carrying the ball is held by one or more opponents, and one or
more of the ball carrier's team mates bind on the ball carrier. A maul therefore consists, when it

begins, of at least three players, all on their feet; the ball carrier and one player from each team.®

Tackle: A tackle occurs when the ball carrier is held by one or more opponents and is brought to

ground.®

Lineout: The purpose of the lineout is to restart play, quickly, safely and fairly, after the ball has

gone into touch, with a throw-in between two lines of players."®)
Hinge Joint: A joint that moves in one axis an only permits flexion and extension patterns.?®
Synovial Joint: Is a joint that consists of a joint cavity, articular cartilage and articular capsule.®

Flexion: Decreasing of the angle between two joints or two body parts.®

Xi



Extension: Increasing the angle between two joints or two body parts.?®

Menisci: Is curved shaped fibrocartilage® that gives joint stability, reduces friction; transmits load

and helps with shock absorption in the knee joint.”
Concentric: The muscle shortens as the contractile forces are greater than the resistive forces.®

Eccentric: The muscle lengthens due to the contractile forces being less than the resistive

forces.®

Reciprocal Ratio: Is the relationship between the strength of the weaker muscle divided by the

strength of the stronger muscle.®
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LIST OF ABBREVIATIONS

ACL - Anterior Cruciate Ligament

PCL - Posterior Cruciate Ligament

MCL - Medial Collateral Ligament

LCL - Lateral Collateral Ligament

ROM - Range of Motion

PT - Peak Torque

TW - Total Work

AP - Average Power

H:Q - Hamstrings to Quadriceps Reciprocal Ratio

ICC - Intraclass Correlation Coefficients

Xiii



CHAPTER 1

1. INTRODUCTION
Accurate assessment of athletic performance has been an objective of sports and exercise
therapists for many decades. The purposes of this testing are to assess the effect of a
conditioning programme on performance, or the effectiveness of rehabilitation.” Several
different testing dynamometry modalities are used to assess for muscle function.” To find

well-controlled, laboratory-based tests to predict performance still remains difficult.®

With the turn to professionalism of the game of rugby in 1995 there was also a subsequent
increase in the demands of the sport with more emphasis being placed on muscle strength,
power and speed.®! These increased demands in conditioning and performance have
also been seen at the lower levels of rugby.® Objective testing of strength and power can
help the clinician to assess the readiness of a player to return to sport and the progress
made by an athlete during rehabilitation."? Pre-participation screening acts as a health and
muscular risk assessment and evaluator for risk in collision sports like rugby™ and

identifies those at risk for injuries.®*

Lower limb muscle strength and power are two of these conditioning variables that are
important in rugby players. Lower limb strength is often tested by means of isokinetic
testing, whilst functional power is tested by means of the vertical jump test.®** Isokinetic
testing is able to quantify isolated muscle strength and has been shown to be a reliable and
valid method for testing.®*® Although isokinetic testing is an objective™® and reliable test it is
not considered to be very functional.*” The vertical jump test is seen to be an example of a
functional closed kinetic chain test that is able to measure leg power output™® in athletes
participating in explosive sports codes."™® The knee joint is one of the main contributors to
the vertical jump® and the quadriceps muscles are considered to be one of the most

important muscles in vertical jumping performance.”

Several studies have investigated the correlation between the isokinetic and vertical jump
testing methods with contradicting results.”****?Y Augustsson and Thomeé (2000) found
a moderate relationship (r = 0.57) between isokinetic muscle testing of the knee joint and
the vertical jump height.”” Negrete and Brophy (2000)™" found a significant correlation
between peak torque isokinetic knee extensor strength and the height from vertical jump
test (r = 0.546 — 0.577, p < 0.0001). No significant correlations were found by Ostenberg et
al. (1998)?” between isokinetic knee extensor strength at 60°/sec (r = — 0.31 to 0.31, p<
0.05) and 180°/sec r = - 0.35to 0.46 p <0.05) and vertical jump height.

1
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1.2

1.3

14

The number of studies investigating the relationship between isokinetic leg strength and
functional performance, more specifically the vertical jump test, can be an indication of the
popularity of the topic. Isokinetic testing can be used to give valuable information about
lower limb musculature and the predisposition of athletes to injury and the readiness to
compete because of the detection of muscle imbalances,®**” put it is very expensive and
time-consuming. It could be of great interest if the single leg vertical jump could predict
bilateral differences in isokinetic knee strength,®®? because the vertical jump field test is

less expensive and can be easily done in rural areas and smaller communities.

Therefore, based on the above statement it was decided to compare isokinetic knee muscle

strength to the single leg vertical jump performance.

AIM OF THE STUDY
To investigate the relationship between isokinetic strength values of the knee extensor and

knee flexor muscles and vertical jump performance in university rugby players.

OBJECTIVES OF THE STUDY
= To determine the correlation of isokinetic peak torque, relative peak torque and
reciprocal ratios of the quadriceps and hamstring muscles at 60°sec,180%sec and

300°/sec to the vertical jump height and power.

= To determine whether a difference exists between the forward and backline players

regarding the isokinetic parameters and the vertical jump performance.

» To determine the comparison between the dominant and non-dominant leg of the total

group and between the forward and backline players.

HYPOTHESIS
Lower limb isokinetic knee muscle torque parameters will be correlated with the vertical

jump performance.

NULL HYPOTHESIS
Lower limb isokinetic knee muscle torque parameters will not be correlated with the vertical

jump performance.



CHAPTER 2

2.

2.1

LITERATURE REVIEW

THE GAME OF RUGBY

Rugby union is a contact sport and played on a field measuring 100m by 70m. It consists of
two forty-minute halves, excluding extra time, with a ten minute break in between the two
halves. The game is played by fifteen players per team on the field at any given time. The
fifteen players are categorized into eight forward players and seven backline players. In
addition to the fifteen players, there are an additional seven players who can be substituted
only once in a game. The forwards consist of three front row forwards, two locks and two
flanks and an eighth man. The flanks and eighth man are also known as the loose forwards.
The locks together with the front row are also known as the tight five. The backline consists
of a scrumhalf, fly half, two centre players, two wings and a fullback.?® The scrumhalf and

fly half are the link between the forwards and the backline.?

Rugby union is played by millions of people and is considered to be one of the most popular
contact professional team sports in the world.®>?® After the IRB Rugby World Cup (RWC)
in South Africa in 1995 the sport of rugby turned professional and it was expected of the
players to become physically stronger and more powerful.?) It was found that in the 1999
RWC the teams with taller and heavier players performed better.®” Thus, in rugby the team
with the strongest and fastest players are likely to have a better chance to succeed*?” and
therefore physical preparation is a core component for success and progression of elite
rugby.®® This change to professionalism in rugby has seen an increase in the interest in the
sports science aspects of training and competition,?”® with fithess and strength training
components perhaps having an effect on success,® the reduction of the risk of injuries™®

and aiding in team selection.®"*"

Rugby is a complex sport with several aspects of play; the tackle, ruck and maul, set pieces
(scrums and lineouts) and open play.®® The turn to professionalism not only effected a
change in the physical aspects of the player, but also in the characteristics of rugby itself.
There were adjustments in the rules of the game which led to more ball-in-play time, tries,
rucks and tackles made with a reduction in scrums, kicks and lineouts.®® The physiological
demands of rugby are complex. Rugby is an intermittent sport where players need to
perform at high intensity efforts on average of five to fifteen seconds with less than forty
seconds rest continuously.®? The average rest periods are up to twenty seconds which

usually occur during penalty kicks or conversions, tries and stoppage for injuries.®® Ninety-

3



five per cent of work done lasts less than 30 seconds with the rest period being longer than
the preceding work done.?® The average distance covered during a rugby match varies
between four to seven kilometres.®*** Rugby requires muscle strength, aerobic and
anaerobic endurance with regular bursts of acceleration and deceleration, constant
changing of direction, explosive movement with recurrent contact situations, all performed
while controlling the ball.?® Acceleration is an important component for a rugby player®?
and rarely takes place from a static standing position.*® Hence, rugby players need to exert

force dynamically and statically; therefore strength and power are important components in
rugby.®

The demands between the forwards and backline players are seen to be different with
physiological and anthropometric differences also displayed between the groups.®® The
specifications and characteristics for each position are unique and very specific.®? The
forward players tend to be more involved in the physical contact situations and are
anthropometrically larger than the backline players. Backline players are smaller, more
explosive and faster covering a greater distance on the field.®*%2%3) Backline players
therefore work for short periods (< 4 seconds) at high intensities, but the forward players
tend to have more work efforts longer than 12 seconds and thus a higher overall work rate
and intensity.®>3% Backline players have prolonged rest periods compared to the forward
players who are constantly engaging in physical contact.?® Furthermore, the forwards are
expected to engage in static exertions during set plays like the scrum or lineouts while the
backs wait to be involved in the game.®®*? Forwards tend to spend less time sprinting
(maximum sprint duration 5 seconds) than the backline players, therefore the ability to

accelerate is an important factor for forward players.®?

Research has shown that rugby is also associated with high levels of injury.*?*%%) The
increase in body size, speed and intensity of the game® together with the nature of rugby
with frequent powerful and unprotected collisions at various speeds® all contributed to the
increase in injuries. Holtzhausen et al. (2006)™? stated that the higher the level of play, the
higher the rate of injury; this finding is also supported by Brooks et al. (2005)® Jakoet and
Noakes (1998)%® stated that as a tournament progresses towards the play-off stages the
rate at which injuries occur increases. Bathgate et al. (2002)®” found that the severity of
injuries has also increased since the turn to professionalism. There was an increase seen
(13%) in the severity of injuries in Australian rugby union players during the period of 1994
to 2000.%"

In terms of injury occurrence, the tackle has been found to be the most dangerous part of

play and the person being tackled is more often injured than the tackler.®® The head and
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2.2

face lacerations are the most commonly seen injury, but with a low severity rate.?*?® The
more severe injuries are associated with muscle strains and ligament sprains being most
commonly seen and the lower limbs the most commonly injured body parts.*??® Bathgate
et al. (2002)®” reported the locks as the most injured forward playing position overall
followed by the eighth man. Of the backline players the fly-half was the most injured player
with the scrumhalf sustaining the least number of injuries.®” Brooks et al. (2005)? found
the hooker and fly-half the positions with the most injuries and the locks and open side
flanks experienced the most severe injuries. In South African players Holtzhausen et al.
(2006)*? found that the fullbacks and centres accounted for the most injuries, whereas the
most severe injuries were sustained by the wings and centres. Most injuries are sustained
to the head and face, but are rarely severe. Forty per cent of knee injuries were severe with
the medial collateral ligament being the most commonly injured structure, and at the

hamstring muscle (53%) the mostly commonly torn muscle in the thigh area.®”

With this high injury incidence in rugby and the increased demands of the professional era
of the sport, the return to play of a player back to a competitive level remains problematic.
Premature return to competitive play increases the risk of recurrence of injury.®® Currently
the challenge still exists to find a standardized testing protocol® that can safely replicate
the demands of rugby and to evaluate whether the player is ready to compete again.® This
problem is accentuated in the smaller communities and rural areas where equipment and

manpower are limited.

THE BIOMECHANICS OF THE KNEE JOINT

The knee joint is characterized as a synovial joint because it contains synovial fluid together
with articular cartilage and an articular capsule.? It is also described as a modified hinge
joint due to the fact that it allows not only for flexion and extension movements, but also
rotation.? The knee joint is formed by four bones namely the tibia, fibula, the patella and

the femur, together with ligaments, tendons and two oval fibrocartilages (the menisci).®

The knee joint consists of two joints, namely the femorotibial joint (also known as
tibiofemoral joint) and the patellofemoral joint.”) The femorotibial joint is known as the
largest joint and also commonly known as the knee joint.”) Thus the knee joint consists of
the medial and lateral collateral ligaments, the anterior and posterior cruciate ligaments and
the medial and lateral menisci®® and allows for articulation between the femoral condyles
and tibial plateaus” The menisci deepens die articular surface of the tibial plateaus® and
transfers loads across the joint. It also acts as a shock absorber and gives stability to the
knee joint.”) The patella and femoral trochlea forms the patellofemoral joint.”) At the

superior border of the patella the knee extensor tendons have their insertion which is then
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elongated and forms the patellar tendon which crosses over the patella and inserts on the
tibial tuberosity.“? These anatomical properties ensure that the patella increases the

mechanical advantage of the extensor muscles of the knee joint.

The two main muscles groups around the knee joint are the knee extensors (quadriceps
femoris muscle group) that consist of four muscles; the rectus femoris, vastus lateralis,
vastus intermedius and the vastus medialis muscles.® The quadriceps muscles are the
main knee extensors of the knee. Extension is limited by the tension of the medial and
lateral ligaments as well as the ACL.®) The second main muscle group around the knee
joint is the hamstring muscle group which includes the semintendinosus,
semimembranosus and biceps femoris muscles. ® The hamstring muscles work together to
flex the knee joint. Flexion is limited by the soft structures behind the knee.® Together the
guadriceps and hamstring muscle groups work together to optimize the function and

dynamic stability of the knee joint.

The knee joint gains its inherent static stability from the ligaments that cross the joint. The
anterior cruciate ligament (ACL) prevents anterior translation of the tibia and controls
rotational movements.” The ACL is important in the stability of the knee and stabilizes the

knee joint especially in pivoting movements.®?

The hamstring muscles are synergistic to the ACL and assist in preventing the anterior
translation of the tibia on the femur®*? in opposition to the contraction of the quadriceps
which pull the tibia anteriorly.“® The posterior cruciate ligament (PCL) prevents the femur

from sliding forwards on the tibia during weight bearing movements.“%

Medial and lateral stability is provided by the two collateral ligaments. The medial collateral
ligament (MCL) is divided in a deep and superficial portion.®) The MCL gives restraint to the
inside of knee and resists forces from the outside, whereas the lateral collateral ligament
(LCL) resists forces from the inside protecting lateral stability of the knee.”” Both these two

ligaments are tight in extension.®

FITNESS TESTING FOR RUGBY

Rugby is showing a trend towards physique-based team selection ®"*% and therefore
annual pre-participation testing is done by the exercise specialist or therapist. It is thus
important to have a testing protocol that is valid, reliable®®“® and which is able to predict
performance based on the players skill and conditioning levels.?® Physical performance
testing is usually made up of quantitative assessments which are based on normative

values to obtain information about the player's physiological abilities to improve overall

6



2.4

performance of the team and the individual.*® A battery of tests is used to measure
components of fitness® and strength and power assessments are often used to monitor

the training induced changes in performance or the effectiveness of rehabilitation.“®

Quantifying muscular capabilities is extremely challenging and to predict a person’s
muscular performance is difficult."® Pre-season testing could give valuable information
about a rugby player to a coach and the medical staff.*® It establishes a baseline on
strength and power”?% and a fitness profile which highlights the strengths and weaknesses
of a rugby player and can help with selection and talent identification.®** Given the complex
nature of rugby it makes it difficult to accurately assess for performance.®” It is therefore
important to identify the physical elements which are necessary for playing better rugby and
selecting those tests more suitable for the rugby performance.“® Physical testing can also
aid in identification of injury risk factors which is valuable pre-season.**?” The lack of
physical conditioning can predispose the player to injuries early in the season®? thus the
importance of pre-season testing in identifying the weaknesses of players can subsequently

help to eliminate the possible injuries.*

LOWER LIMB MUSCLE STRENGTH AND ISOKINETICS

Strength and power are important factors in athletic events.’*® Strength is the ability of a
muscle to produce a force® and muscle strength is an important factor for power.“? Power
production is related to the rapid production of force and therefore an important factor for
success in sports.® Strength and power are often assessed to evaluate performance and
effectiveness in rehabilitation and conditioning programmes."”) Strength and power testing
are often restricted to the available equipment and therefore testing the chosen modality is
sometimes not appropriate to the sport. There is a contrast seen between sports and
laboratory testing for muscle strength and power due to the fact that current isokinetic
testing involves isolated muscle strength and movement velocity is kept constant

throughout the range of movement which is not true for the dynamic nature of sports.“”

A variety of testing modalities exist to evaluate the strength of a muscle from simple field
tests to expensive advance laboratory tests®” as well as the differences in terms of the

muscle actions and contractility.”

An isometric muscle action is a static contraction”®” and testing measures the maximal
voluntary contraction against an immovable object with no change in muscle length.“”
Isometric testing is easily administered and useful when testing large groups, but the main

disadvantage is that the testing is specific to that point or angle® and it is said not to be

7



dynamic enough for testing function.”*" Isoinertional (isotonic) muscle action refers to a
predetermined resistance/object that is lifted against gravity and the load is constant
throughout the range of movement (ROM),***” but the tension developed is constantly
changing throughout the ROM because of changes in the muscle length and deceleration
and acceleration of the weight.“” A successful one-repetition maximum of a task is used to
assess for isoinertional muscle action. This type of assessment can have a high potential
for injury, outcome is skill relative and depends on the experience of weight training of the
athlete and there exists a lot of variability between the tirals and equipment used.“”
Isoinertional type of muscle action is a combination of concentric and eccentric contractions
and therefore more similar to functional activities, but gives more estimated values rather

than concrete values of strength.*”

Isokinetic muscle action is where the muscle performs at a constant preselected angular
velocity and a computerized programme provides an accommodating resistance throughout
the ROM™®%? with no initial load to overcome.® Isokinetics is defined as a dynamic muscle
contraction while the velocity of movement is controlled. ®**® This implies that the
resistance of the dynamometer is continuously changing and adapting to the muscular
torque produced at different joint angles.®®

The Biodex system fulfils the criteria established by the American Academy of Orthopaedic
Surgeons. These criteria take into consideration the safety, the reliability and validity of the
apparatus as well as the appropriateness and the educational support of the
manufacturer.®® Drouin et al. (2004)®” found an interclass correlation coefficient (ICC) of
0.99 for trial-to-trial reliability and day-to-day reliability as well as validity in the Biodex
System 3 dynamometer. Isokinetic testing is a widely used,®® reliable,"® objective,*?
reproducible,®*®? and a valid assessment tool.*” The use of Isokinetic equipment does
limit measurement errors that can be made by testers. Keskula et al. (1995)®" found that
there is an interrater reliability (ICC 0.90 — 0.96) with isokinetic testing. The value of
isokinetics is that it yields comparable results,®® and it is a popular method to assess
muscular function.“® It is also valuable to be used in pre-season screening, to evaluate the
effect of training and for insurance reimbursements.®” One error that can be made is that
the axis of rotation of a limb is not aligned with the mechanical axis of the machine and that

could cause inaccurate assessment. %32

Isokinetic devices allow the individuals to exert as much force as they are able to generate
up to a predetermined velocity,®® therefore isokinetic’'s is dependent on the subject’s

effort.*” Isokinetic dynamometers are often used to test for dynamic strength in specific



muscle groups;*®*” are very useful in rehabilitation® and are often used to evaluate the

effects of conventional isotonic strength training.®”

Isokinetic testing is a valid, commonly used method to evaluate for isolated muscle group
strength in a standardized way,®*"?°%% however, due to the nature of isokinetic
movement it also tests for muscle performance.® Most of the isokinetic testing is done in a
non-weight bearing,*® single-joint isolated movement assessing the muscles’ maximal
strength™*” which bears little resemblance to functional performance.” However, objective
isokinetic testing provides strength and power data that can guide with the rehabilitation
process.™ Furthermore, isokinetic testing is important for clinicians to assess the
progression of the patient during the rehabilitation period”#?% and the results can be used
to help with return to play decisions, but it should be used with caution.*”*® Holmes and
Alderink (1984)%% argued that normative isokinetic strength data are needed to aid in the
assessment of injured players. Wilk (1991)®° stated that isokinetics cannot be used alone
and should include other clinical and functional factors when making a clinical interpretation

regarding the rehabilitation outcomes and progression of a patient.

The most common parameters that are assessed during isokinetic muscle strength testing
are peak torque (PT), total work (TW) and average power (AP). PT, measured in Newton
metres, is the maximum amount of angular force that can be produced anywhere in the
ROM in the muscle during a single repetition® and is identified as the peak of the force
curve in relation to the ROM. ®V and it is also the most common measurement used for

interpretation.®”

Work is defined as the product of torque and distance travelled and is established by the
area under the torque curve.®® It reveals the subject’s ability to produce torque throughout
the movement. TW is the total amount of work done with each repetition regardless of

speed, ROM or time.™ Torque and work are inversely related to velocity.

Power is defined as the work/time equation and shows a parabolic relationship with

velocity.®" Power may be described as the ability to express explosive strength. AP is the

total amount of work done in a certain amount of time. @

Isokinetic testing can be done at several angular velocities ranging from 30°/sec up to

500°/sec depending on the isokinetic device. With slower speeds fewer trials are needed for

reliability ©¢®
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Two other commonly used parameters of isokinetics are the relationship between
antagonist and agonist muscles known as the reciprocal concentric ratio®” and the relative
PT. The reciprocal concentric ratio is the relationship between the strength of the weaker
muscle group divided by the strength of the stronger muscle group.® The normative PT is
to correct for body weight and therefore take the build of a player into consideration.®” A

significant correlation exists between PT and body weight.®¥

ISOKINETICS AND THE KNEE JOINT

The knee is the most common joint tested*®” and is tested in extension and flexion
patterns. The knee extensor PT has been found to be a reliable measurement.®®*® The
extension-flexion motions are given through the concentric hamstring to quadriceps (H:Q)
ratio.? The H:Q ratio is calculated by dividing the PT of the hamstring muscle group by the
PT of the quadriceps muscle group.®® The H:Q ratio ranges from 0.5 — 0.8 (50 to
80%)™3*142) and gives valuable data on knee stability, functional performance and muscle
imbalances.®*®”) The H:Q ratio increases as the angular velocities increases.“**¥ A low
H:Q ratio can predispose the player to certain injuries“*®® especially ACL injuries“? and
therefore preseason assessment on the H:Q ratios can be of great value.“? This is in
contrast to Rothstein et al.®® who argued that the ratios generated from isokinetic data

should not be used to make clinical decisions.

Lategan (2011)®® recently found that mean peak torque knee flexion values in South
African men between 16 and 26 years old was 158.5Nm and for knee extension 235.9Nm.
He stated that young South African men had higher PT knee extension/flexion values than
their international counterparts when tested at an angular velocity of 60°/sec.®® In another
study done by Lategan (2012)® he found mean PT values for men (21 years) of 204.3Nm
during extension at an angular velocity of 60°sec and 107.8Nm for knee flexion at the
same velocity. At 180°sec angular velocity he found mean PT values for knee extension of
147.2Nm and flexion 81.4Nm."® This is consistent with the fact that PT knee extensor

strength will decrease with increased testing velocity.®®

LOWER LIMB MUSCLE POWER AND VERTICAL JUMP

Power is the ability of the neuromuscular system to overcome resistance at a high speed
contraction®® and thus it is the rate at which the force is produced.® Power can be
assessed where either the velocity or the load is kept constant, but this is not a true
assessment of the sporting environment where the velocity and load constantly change.“”
Power is therefore dependent on strength and the velocity of the moving limb."® The

vertical jump test is an effective indirect measurement of power."*"? Muscle power is the
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basis of physical effort in rugby and the vertical jump is commonly used to assess for

explosive leg power in rugby. #4549

Vertical jumping is a gross-locomotor skill which results from maximal effort from sequential
summed moments of several muscles.®® The vertical jump test is a functional closed kinetic
chain test, easily measured which assesses the power output of the legs and can be used
as a laboratory or field tests.(18,65,72,73) For the field test the maximum jump height is
most commonly assessed during the vertical jump.”® The Vertec (Sports Imports, Hilliared,
OH) is mostly used for the field testing instead of the older method of the Sargent jump
using a board and chalk dust.”” The Vertec is a metal pole with colour plastic vanes
attached to the pole in 0.0127m increments.” The metal pole is adjusted according the
standing reaching height of the person. The maximum jump height reached is determined
with the highest swivel touched during the jump.’® The drawback of the Vertec is that the
results could be depended on the shoulder ROM of the athlete or the ability of touch the
vane at the highest point.">" The maximum jump height in centimetres is calculated by
subtracting the standing reaching height from the jump height reached.”® Laboratory
vertical jump testing today makes use of the force plates (Just Jump Systems) and motion
analysis systems." ™ These systems do not allow for human error as the Vertec does but

it is more expensive and requires also personnel that are trained in using the equipment.™®

There are two forms of the vertical jump commonly tested namely the squat jump and the
counter movement jump.®? In the squat jump the player lowers himself into a squat position
(not past 90° of knee flexion) and jumps up after a pause as high as possible. The squat
position is therefore the starting position and thus the squat jump only requires concentric
activation.” The take-off phase is considered to be a concentric action leading to
extension of the hip and knee joints which are produced by the hamstring, quadriceps and
gluteal muscle groups. This is followed by plantar flexion of the ankle joint caused by the
soleus and gastronemius muscles. “""®The counter-movement jump on the other hand
allows for a countering movement with knees bending as far as each participant feels
comfortable (dropping down) and immediately jumps upwards.® The counter-movement
jump requires moderate eccentric activation followed by high concentric activation.®
Both tests can be either with or without arm movement. The arm swing is better for the

jumping height."®

The amount of force needed in a vertical jump depends on a subject’s body weight ™ and
therefore body weight needs to be corrected for by converting the results to mechanical
work or power. A heavier person will need greater extension strength to overcome the

higher external resistance during jumping.”® When a heavier subject jumps the same
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height/distance than a lighter subject the heavier one will generate more force.*® The
inclusion of body mass reflecting better results was also found by English et al.*® and
Genuario and Dolgener (1980)"". Several power prediction formulae were developed to
estimate average power® and total work.®® One of the first power calculations was the
Lewis formula where body mass was included in the calculation, but did not account for
gravitation.”® Harman and colleagues (1991)®" developed prediction equations for peak

and average power taking gravity into consideration.

In general the backline players perform better with the vertical jump than the forwards, but
Quarrie et al.® also stated that the body mass of the players needs to be taken into

consideration when comparing backline players to forwards.

A few questions still remain uncertain. Can vertical jumping power truly predict muscular
explosive power” and what physical characteristics all predict vertical jump
performance?® The knee extensors of the thigh contribute most to the vertical power
during the jump® but Anderson et al. (1991)®" found no correlation in quadriceps and
hamstring strength to the vertical jump. They stated that other factors besides leg strength,
like neuromuscular adaptations will improve performance and must be considered for
prediction of performance in the vertical jump in a trained athlete.? Lieberman and Katz
(2003)*? on the other hand are of the meaning that lower limb power measured from the
vertical jump test could be an indication to the performance of the knee extensor muscles
but it all depends on the calculation method used. Also the jumping movement requires the

activation of all lower limb muscle groups which can influence the jumping ability.®

ISOKINETICS AND VERTICAL JUMP

The relationship between isokinetics and vertical jump can be of importance due to
isokinetic testing being expensive and most schools and colleges not having this
sophisticated equipment to measure strength and power characteristics of the legs. It is
important to consider the phase of training and the level of the athlete when correlation is

done between these two tests.®®

It is still not clear whether isokinetics can provide valid
measurements for assessing muscular power.“® Research has been done regarding the
relationship between isokinetic testing and vertical jump however, with contradictory
results.("81114.18-225860.7382) Thare exists a better correlation between isokinetic testing and
the vertical squat jump and counter movement jump height at higher angular velocities.
Moderate correlations were found between PT knee extension and the squat jump height at
180°%sec (r = 0.546 — 0.691),"*8%% byt other studies also found a moderate correlation at
60%sec (r = 0.629 — r = 0.760).(18,83) Testing done with the counter movement jump also

shows this tendency (r = 0.515 — 0.642),236%73) byt Osterberg et al. (1998)“” found a low
12



correlation between vertical counter movement jump height and isokinetic PT knee
extension at 180°sec (r =0.23) and stated that these two tests cannot be used in the place

of the other.

Augustsson and Thomeé (2000)”) found a moderate relationship between the counter
movement vertical jump height and peak torque knee extension done at 60°/sec (r = 0.57)
whereas Osterberg et al. (1998)® found no correlation. Male university students do not
show any correlation between countermovement jump height and isokinetic testing done at
angular velocities of 60°/sec or 180%sec.?*?? The same results were found in first division

basketball players.®”

There seems to be a better correlation when there is a correction for body weight regarding
the height reached in the vertical jump. A better correlation with isokinetic strength values
and functional hopping tests for distance are attained by including the subject’s body mass
into the equation and rather to use the work done in power instead of the absolute jumping
height, and thus English et al. (2006)“® recommend the inclusion of body weight. A better
trend exists for correlation between faster isokinetic angular velocities (r =0.91 at 300°/sec
p < 0.05) using peak power measurements of the knee extensors and the squat vertical
jump peak power compared to the slower velocities where they found no correlation (r =
0.31 at 30°/sec).®) Moderate to strong correlations are found in counter-movement jump
work to PT knee extensors at various speeds (r = 0.599 — 0.848).19%%8% Qut of these
findings is can be seen that the testing velocity of isokinetic testing does influence the
results. Tsiokanos et al. (2002)®? found a stronger correlation to squat jump work to knee
PT extensors at different speeds (r = 0.739 -0.778).

Jameson et al. (1997)® tested student participants who were divided into categories of
sedentary, active and trained. The total group had a moderate correlation (r = 0.57) to peak
torque of the quadriceps at 180°/sec and one leg vertical jump peak force (using the ground
reaction force method for peak force generation). The trained subjects had a higher
correlation to the vertical jump (r = 0.85).¢®

The above mentioned contradictions can be due to different angular velocities selected (60,
120, 180, 240 or 300 degrees/second) or the different calculation methods applied in
calculating the vertical jump for comparing work done. Different types of testing equipment
were also used.®®>™ In addition previous studies investigated sporting codes such as volley
ball, basketball and soccer and included both genders. Therefore it is difficult to draw
correlations from the available literature. The only studies applying isokinetics and vertical
jump in a similar fashion were the two studies of Genuario and Dolgener (1980)7® and

Tsiokanos et al. (2002)®, but the testing was done on females and males respectively.
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CHAPTER 3

3.

3.1

3.2

3.3

3.4

3.5
3.5.1

METHODOLOGY

METHODS OF STUDY
In this chapter the researcher will describe the methods and procedures undertaken during

the experimental work of this study.

STUDY DESIGN
This was a cross-sectional study design using retrospective data from 2011/2012 to
describe the association between vertical jump performance and isokinetic knee joint

muscle strength. All participants had to give consent prior to the routine rugby testing.

SITE OF STUDY
The data were gathered by the researcher at the Biokinetics Institute of the North-West
University, Potchefstroom Campus (Appendix A). Permission to use this data was granted

by North-West University (Appendix B).

STUDY POPULATION AND SELECTION

The sample group comprised 51 male rugby players from the Rugby Institute at the North-
West University, Potchefstroom Campus who were members of the 2011/2012 pre-season
Varsity Cup squad. The rugby players were between 20 and 25 years old. The selection of
the pre-season team was made by the coach and all squad members took part in the pre-
season physiological testing. The players who participated in the testing did not have any
current injuries or had been fully rehabilitated from previous injuries and had played in the
last six rugby games of the previous season. The testing was performed at the end of the

2011 season and prior to the start of the 2012 season.

MEASURING TOOLS AND INSTRUMENTATION

Anthropometry

The height and weight measuring was done according to the international standards for
anthropometric assessment 2011.%% For the height a stadiometer was used in combination
with the stretch method where the subject had to stand with heels together and the heels,
buttocks and upper part of the back touching the stadiometer. The head was put in the
Frankfort plane. The subject was instructed to inhale and the measurement was taken
before the subject exhaled.(85) Height was measured in meters (m) to the nearest 0.1m.
The weight was measured with an electronic scale (Micro electronic platform T3, C.o.m.i.r.,

SA), the subject stood on the scale for 3 sec and the weight was taken. The subject was
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3.5.2

3.5.3

barefoot and wore only shorts for these measurements. Weight was measured in kilograms

(kg) to the nearest 0.1kg.

Isokinetic Testing

A Biodex System 4 Isokinetic Dynamometer™ (Shirley, New York) was used to determine
the strength of the quadriceps and hamstring muscle groups. Prior to testing the subject
completed a five minute warm up on a cycle ergometer and performed 15 repetitions of

dynamic stretching of the lower limb muscles.

The subject was then placed in a seated position on the Biodex chair with the back seat in
an upright angle (85°). The upper thigh, shoulders and hips were stabilized with straps in
order to isolate the limb being tested. The subject’s lateral femoral condyle was aligned with
the central axis of the dynamometer. The subject was instructed to take hold of the handles
next to his sides. The anatomical zero was set at 90° of knee flexion and full extension was

the end point.

A gravity torque correction was performed at 30° of knee extension according to the
manufacturer's prescription (Biodex multi-joint system pro, operational manual).®® A
gravitational correction is done when testing knee extension — flexion in the vertical plane to
rule out gravitational error.®® Correcting for the effect of gravity increases the quadriceps

torque value and decreases the hamstrings torque value.®®

The player was given five warm-up repetitions at 60°/sec and then five maximal efforts were
performed by the subject for the test. There was a two minute rest and again a warm-up of
five repetitions at 180°sec and ten maximal efforts were performed for the tests. Another
rest period of two minutes was given and again the player had five warm-up repetitions at
300°%sec followed by fifteen repetitions of maximal effort for the test. This was done
bilaterally with the dominant limb tested first followed by the non-dominant limb. It was
important to increase the repetitions with higher speeds to ensure for better accuracy.®®
The highest peak torque was documented together with the relative peak torque and
reciprocal ratio’s at every speed. Verbal motivation was given to the players. Dominance

was established by asking the players which leg they would prefer to kick the ball with.

Single Leg Vertical Jump

This test was done on a separate day from the isokinetic testing. A Vertec (sports imports,
Hilliared, OH) vertical jump apparatus was used according to the methods described by
Klavora.”® The subject warmed up for five minutes on a cycle ergometer and did 15

repetitions of dynamic stretches of the lower limb muscles. The subject’'s standing height
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was measured with his one arm fully extended upward and reached to the highest possible
vane. This mark was taken as the zero starting position. The subject was instructed to
stand on one leg and to place his hands on his hips and bend down and start from a squat
position (not further than 90° of knee flexion) and hold the position for a few seconds. From
there they were instructed to jump-up from one leg and touch the vane at the highest

possible point without any other countermovement of the legs or arms.

The jump height was measured from the difference between standing height and jumping
height. The subject had three trail repetitions followed by three test repetitions. The
measurement of the best of three test repetitions in centimetres was taken and
documented. This was done bilaterally with the dominant leg tested first followed by the
non-dominant leg. The formula used for the peak power produced was the formula
proposed by Haman et al.(81): Peak power (W) = 61.9 « jump height (cm) + 36.0 « body
mass (kg) + 1822.

3.6  STATISTICAL ANALYSIS
Data analysis was done with the SPSS software (IBM. SPSS version 21).

3.6.1 Descriptive Statistics
Means and standard deviations were reported to descriptively characterize participants and
variables measured. The sample size was larger than 30 and therefore by the central limit

theorem of normality can be assumed.®”

3.6.2 Exploratory Analysis

3.6.2.1 Pearson's product moment correlation coefficient
The relationship between isokinetic knee extensor and flexor strength and vertical jump
performance were determined by means of Pearson’s correlations. Statistical significance
was set at p < 0.05 (95%) and the correlation coefficient (r) was used as a measure of
practical significance or effect, with values between 0.3 and 0.5 indicating a practically
visible relationship and values of 0.5 and higher indicating a practically significant

relationship.

3.6.2.2 Independent T-test
The independent T-test was used where equal variances were not assumed to assess for
any differences between forward and backline players for the peak torque (Nm), peak

torque to bodyweight percentage (PT/BW) and reciprocal ratio’s (%).
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3.6.2.3 Paired T-test

3.7

A paired T-test was performed to assess if any bilateral differences existed between the

means of each testing parameter.

ETHICAL ASPECTS

A letter of approval from the research focus area, Physical Activity Sport and Recreation
(PhASRec) of the North West University for the use of data has been given (Appendix B).
Ethical clearance was applied for and granted (M130232) by the University of the
Witwatersrand Human Research Ethics Committee (HREC) (Appendix C). All participants

signed informed consent forms prior to being tested (Appendix D).
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CHAPTER 4

4.

4.1

4.2

RESULTS

DEMOGRAPHIC INFORMATION

Fifty one rugby players from the Rugby Institute at the North-West University,
Potchefstroom campus who were members of the 2011/2012 pre-season Varsity Cup
squad were tested. The group had a mean age of 21.4 £+ 1.2 years; weighed 99.3 + 13.8kg
and were 1.83 + 7.4m tall (Table 4.1). There were 26 forward players (mean height of 1.88
*+ 7.2m and mean weight of 109.9 + 10.3kg) and 25 backline players (mean height of 1.80 £
5.5m and mean weight of 88.3 = 6.1kg). The forward players were found to be significantly
taller (p = 0.0001) and weighed significantly (p = 0.0001) more than the backline players. All

players were reported as being right dominant.

Table 4.1: Demographic Information for the Total Group (n=51) of Rugby Players

Backline players Forward players (n=26) Total group
(n=25) (n=51)
Age (years) 21.6+1.2 21.3+£1.2 21.4+£1.2
Height (m) 1.80+55* 1.88+7.2 1.83+74
Weight (kg) 88.3+6.1" 109.9 +10.3 99.3+13.8

* Backline height vs. forward height: p = 0.0001
* Backline weight vs. forward weight: p = 0.0001

VERTICAL JUMP MEASUREMENTS

Figure 4.2 below shows the mean vertical jump height for the total group of rugby players
and comparing the forward and backline players. There was no difference between the non-
dominant (37.3 £ 7.0cm) and dominant (36.3 £ 5.7cm; p = 0.432) sides when comparing the
total group of rugby players. However, when comparing the backline and forward players,
the backline players were able to jump higher when using the non-dominant leg (39.5 *
6.7cm) compared to the forward players (35.2 + 6.8cm) (p= 0.028). There was no difference
in jump height between the forward (35.0 = 5.1cm) and backline (37.6 + 6.0cm) players

when analysing the dominant side (p = 0.96).
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Figure 4.1: Mean Vertical Jump Height for the Total Group of Rugby Players (n=51)
and Comparing the Backline (n-25) and Forward Players (n=26)
* Backline vs Forward players Jump height ND p =0.028

Figure 4.2 below shows the mean peak power output during the vertical jump tests for the
total group of rugby players and comparing the backline to the forward players. The peak
power output in the total group showed no difference when assessing differences between
the dominant and non-dominant legs (D: 7645.4 + 507.2watts vs. ND: 7707.2 £ 492.3watts:
p = 0.534). When comparing the forward to the backline players, the forward players were
found to have a significantly greater peak power output compared to the backline players
on both the dominant (Forwards: 7946.0 + 396.5watts vs. Backline: 7332.7 + 415.3watts:
p=0.0001) and non-dominant sides (Forwards: 7958.4 + 404.0watts v Backline: 7445.9 +
442 2watts: p=0.0001).
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Figure 4.2: Mean Vertical Jump Peak Power for the Total Group of Rugby Players
(n=51) and Comparing the Backline (n-25) and Forward Players (n=26)
* Forward vs backline players peak power ND p =0.0001
# Forward vs backline players peak power Dom p = 0.0001

ISOKINETIC PARAMETERS

Quadriceps Peak Torque (Nm)

Table 4.2 below shows the mean quadriceps peak torque for the total group of rugby
players and comparing the forward and backline playing positions. For the total group, the
guadriceps peak torque on the dominant side was found to have a trend of being stronger
than the non-dominant side; however there were no significant differences at the different

velocities.

When comparing the forward to the backline players, the forward players had a significantly
greater quadriceps muscle peak torque on the dominant leg at 60°/sec (forwards: 288.4 +
60.4Nm vs. backline 253.3 + 45.4Nm) (p = 0.024) and at 180°/sec (D: forwards: 207.3
37.9Nm vs. backline: 183.1 + 26.0Nm) (p = 0.011). There were no differences in the
guadriceps peak torque on the non-dominant side between the forward (274.3 + 76.1Nm)
and backline players (248.8 + 44.0Nm) (p = 0.152) at 60°/sec and at 180°/sec (ND:
forwards: 195.1 + 41.6Nm vs. backline: 177.2 + 29.5Nm) (p = 0.083). However, at the
fastest speed of 300°sec, the quadriceps peak torque was greater in the forward players
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on both the dominant (forwards 159.4 + 30.5Nm, backline 137.6 £+ 24.6Nm) (p=0.007) and

non-dominant sides (forwards 153.5 + 28.4Nm, backline 134.9 £ 21.4Nm) (p=0.011).

Table 4.2: Mean Quadriceps Muscle Peak Torque Values at 60°/sec, 180°sec and
300°sec for the Rugby Players (n=51) and Comparing Forward (n=26)
and Backline (n=25) players

Variable Backline players Forward players Total Group
(n=25) (n=26) (n=51)
PT60 Quadriceps Dom (Nm) 253.5+45.4 288.4 + 60.4* 271.3+55.9
PT60 Quadriceps ND (Nm) 248.8 £44.0 2743 +£76.1 261.8 +63.1
PT180 Quadriceps Dom (Nm) 183.1+ 26.0 207.3+£37.9 1954+ 34.6
PT180 Quadriceps ND (Nm) 177.2+£29.5 195.1 £41.6 186.3 £ 36.9
PT300 Quadriceps Dom (Nm) 137.6 +24.6 159.4 + 30.5" 148.7 + 29.6
PT300 Quadriceps ND (Nm) 134.9+21.4 153.5 + 28.4% 144.4 + 26.7

4.3.2

Abbreviations: Dom: dominant; ND: non-dominant

* Forward vs Backline players PT60 Quadriceps Dom: p = 0.024

* Forwards vs Backline players PT300 Quadriceps Dom: p = 0.007
& Forwards vs Backline players PT300 Quadriceps ND: p = 0.011

Quadriceps Peak Torque/Body Weight Ratio (%)

Table 4.3 below shows the mean quadriceps muscle peak torque to body weight (PT/BW)
ratios (%) for the total group of rugby players and the group split into their forward and
backline playing positions. When analysing the total group, the PT/BW ratio between the
dominant and non-dominant sides were not different at 60°/sec (D: 274.8 £ 54.8% vs. ND:
265.2 = 60.3%: p= 0.398), 180%sec (D: 198.4 + 34.8% vs. ND: 189.1 + 37.4%: p = 0.198)
and 300%sec (D: 150.7 £ 28.7% vs. ND: 146.5 + 26.6%: p = 0.441) speeds.

When comparing the groups the backline players had a significantly larger PT/BW ratio for
the quadriceps muscle on the non-dominant leg (backline: 200.2 + 32.4% vs. forwards:
178.4 + 39.3%) (p=0.035) at 180°/sec. There were no differences between the players on
either the dominant (backline: 286.0 £ 47.1% vs. forwards: 264.1 + 60.2%) (p=0.155) or
non-dominant (backline: 280.9 + 46.4% vs. forwards: 250.0 + 68.7%) (p=0.067) sides for
the slower speed; the dominant side at 180°sec (backline: 207.0 + 29.2% vs. forwards:
190.0 + 38.2%) (p=0.081); or the dominant (backline: 155.6 + 27.6% vs. forwards: 146.0 +
29.6%) (p=0.241) and non-dominant (backline: 152.5 + 25.1% vs. forwards: 140.6 + 27.2%)
(p=0.111) sides for the faster speed of 300°/sec.
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Table 4.3: Mean Quadriceps Muscle Peak Torque to Body Weight Ratios (%) at
60°/sec, 180°sec and 300°sec for the Rugby Players (n=51) and

Comparing Forward (n=26) and Backline (n=25) Players

Variable Backline players  Forward players Total Group
(n=25) (n=26) (n=51)
PT/BW 60 Quadriceps Dom (%) 286.0£47.2 264.1 £ 60.2 2749 +54.8
PT/BW 60 Quadriceps ND (%) 280.9 + 46.4 250.0 £ 68.6 265.2 + 60.3
PT/BW 180 Quadriceps Dom (%) 207.0+29.2 190.0 £ 38.2 198.4 + 34.8
PT/BW 180 Quadriceps ND (%) 200.2 +32.4* 178.4 £ 39.3 189.1 £+ 37.4
PT/BW 300 Quadriceps Dom (%) 155.6 + 27.6 146.0 £ 29.6 150.7 + 28.7
PT/BW 300 Quadriceps ND (%) 1525+ 25.1 140.6 £ 27.2 146.5 + 26.6

4.3.3

Abbreviations: Dom: dominant; ND: non-dominant
* Backline vs Forward players PT/BW 180 Quadriceps ND = p=0.035

Hamstring Peak Torque (Nm)

Table 4.4 below shows the mean hamstring muscle peak torque for the total group of rugby
players and the group split into their forward and backline playing positions. For the total
group, the mean hamstring muscle peak torque did not show any statistical significance

between the dominant and non-dominant sides

The forward players showed a significantly larger peak torque hamstring strength on the
dominant leg at 60°sec (forwards: 151.4 + 28.5Nm, backline: 127.6 + 23.6Nm; p = 0.002),
however no significance was seen on the non-dominant leg (forwards: 138.5 + 29.3Nm vs.
backline: 127.2 £ 22.3Nm; p = 0.128). The forwards also showed a larger hamstring muscle
peak torque strength at 300°sec on the non-dominant side for the forwards (90.9 +
23.5Nm) compared to the backline (80.0 = 12.5Nm; p=0.045) and no significant difference
in the dominant side (forwards: 94.9 + 22.6Nm vs. backline: 86.0 £ 16.9Nm; p = 0.119). At
the medium speed of 180°sec no significance was seen on the non-dominant side or the

dominant side.
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Table 4.4: Mean Hamstring Muscle Peak Torque Values at 60°/sec, 180°/sec and
300°sec for the Rugby Players (n=51) and Comparing Forward (n=26)
and Backline (n=25) Players

Variable Backline players Forward players Total Group
(n=25) (n=26) (n=51)
PT60 Hamstring Dom (Nm) 127.6 + 23.6 1514+ 28.5* 139.7 £ 28.3
PT60 Hamstring ND (Nm) 127.2+22.3 138.5+29.3 133.0£26.5
PT180 Hamstring Dom (Nm) 102.4 £ 21.0 1145+ 23.1 108.6 + 22.7
PT180 Hamstring ND (Nm) 100.0 £ 18.9 108.3 £ 26.3 104.2 £ 23.1
PT300 Hamstring Dom (Nm) 86.0 + 16.9 94.9+22.6 90.6 + 20.3
PT300 Hamstring ND (Nm) 80.0+ 125 90.9+235# 85.5+19.5

Abbreviations: Dom: dominant; ND: non-dominant
* Forward vs Backline players PT60 Hamstring Dom p = 0.002
# Forward vs Backline players PT300 Hamstring ND p=0.045

4.3.4 Hamstring Peak Torque/Body Weight Ratio (%)
Table 4.5 below shows the mean quadriceps muscle peak torque to body weight (PT/BW)
ratios (%) for the total group of rugby players and the group split into their forward and
backline playing positions. When analysing the total group, the PT/BW ratio at all the

speeds did not show any difference between the dominant and non-dominant sides

The backline players showed a significantly larger peak torque to body weight ratio at
60°/sec on the non-dominant leg (forwards: 127.1 + 30.5% vs. backline: 143.8 + 25.2%) (p
= 0.038), and no difference on the dominant side (forwards: 138.7 + 28.1% vs. backline:
1441 + 26.2%) (p = 0.483). Furthermore, at the higher speeds there were also no

difference found at 180°/sec and 300°/sec on the dominant and non-dominant side.

23



Table 4.5: Mean Hamstring Muscle Peak Torque to Body Weight Ratios (%) at

60°/sec, 180°sec and 300°sec for the Rugby Players (n=51) and
Comparing Forward (n=26) and Backline (n=25) Players

Variable Backline players Forward players Total Group
(n=25) (n=24) (n=51)
PT/BW 60 Hamstring Dom (%) 1441 + 26.2 138.7 £ 28.1 141.3+27.0
PT/BW 60 Hamstring ND (%) 143.8 £ 25.2* 127.1 £ 30.5 135.3+29.0
PT/BW 180 Hamstring Dom (%) 115.8+24.1 105.3 £ 24.7 110.4+£24.8
PT/BW 180 Hamstring ND (%) 113.0+21.3 99.6 + 27.5 106.2 + 25.3
PT/BW 300 Hamstring Dom (%) 97.3+194 87.3+£234 92.2+21.9
PT/BW 300 Hamstring ND (%) 90.7 £ 16.3 83.4+224 87.0+19.8

Abbreviations: Dom: dominant; ND: non-dominant

* Backline vs Forward players PT/BW 60 Hamstring ND (%) p = 0.038

4.3.5 Unilateral Hamstring/Quadriceps Reciprocal Ratio (%)
Figure 4.3 shows below the unilateral hamstring/quadriceps reciprocal ratio (%) for the total
group of rugby players and comparing the forward and backline playing positions. When

analysing the total group no statistical differences were seen between the dominant and
non-dominant legs.

Furthermore, there were no differences found between the forward and backline players on

the dominant side and on the non-dominant side at all three speeds.
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Figure 4.3: Mean Unilateral Reciprocal Ratio (%) at 60°/sec, 180°/sec and 300°/sec
for the Rugby Players (n=51) and Comparing Forward (n=26) and
Backline (n=25) Players

Abbreviations: Dom: dominant; ND: non-dominant

CORRELATIONS

Table 4.6 and Figure 4.4 below shows the correlations between the vertical jump height
(cm) and PT of the hamstring and quadriceps muscle groups at three speeds for the total
group of rugby players. The only significant correlation found was a negative correlation
between the non-dominant hamstring muscle PT at 60°sec and the vertical jump height on
the non-dominant side (r = - 0.313; p=0.025) (Figure 4.4). All other correlations between

vertical jump height and hamstring and quadriceps PT were not significant (Table 4.6).
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Figure 4.4: Correlation between Vertical Jump Height (cm) and Hamstring Peak
Torque (Nm) at 60°sec on the Non-Dominant Side for the Rugby
Players (n=51) r =-0.313, p = 0.025 [95%ClI]
Abbreviations: NDPT60F: non-dominant peak torque at 60°sec flexion; ND:

non-dominant

Table 4.6: Correlation Between Vertical Jump Height (cm) And Quadriceps And
Hamstring Peak Torque (Nm) at 60°/sec, 180°/sec and 300°/sec for the
Rugby Players (n=51)

Variable Dom jump height ND jump height
r (p) r (p)

PT 60 quadriceps -0.230 (0.105) -0.212 (0.134)
PT 180 quadriceps -0.081 (0.572) - 0.162 (0.257)
PT 300 quadriceps -0.026 (0.857) - 0.098 (0.492)
PT 60 hamstrings -0.115 (0.420) - 0.313 (0.025)*
PT 180 hamstrings -0.085 (0.551) - 0.125 (0.384)
PT 300 hamstrings 0.096 (0.503) - 0.112 (0.434)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque

*PT 60 hamstring muscle strength vs ND jump height

Table 4.7 and Table 4.8 below show the correlations within the backline and forward player
groups for the vertical jump height (cm) and PT (Nm) of the hamstring and quadriceps
muscle groups at the three different speeds. No correlations were found between the
vertical jump height and isokinetic peak torque parameters in either the backline or forward
players.
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Table 4.7: Correlation between Vertical Jump Height (cm) and Quadriceps and
Hamstring Peak Torque (Nm) at 60°/sec, 180°/sec and 300°sec for the
Backline Players (n=25)

Variable Dom jump height ND jump height
r (p) r (p)
PT 60 quadriceps -0.205 (0.325) - 0.199 (0.341)
PT 180 quadriceps -0.064 (0.761) - 0.010 (0.961)
PT 300 quadriceps -0.025 (0.904) - 0.123 (0.557)
PT 60 hamstrings -0.081 (0.699) -0.324 (0.114)
PT 180 hamstrings -0.255 (0.218) - 0.139 (0.507)
PT 300 hamstrings 0.089 (0.673) - 0.173 (0.408)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque

Table 4.8: Correlation between Vertical Jump Height (cm) and Quadriceps and
Hamstring Peak Torque (Nm) at 60°/sec, 180°/sec and 300°sec for the
Forward Players (n=26)

Variable Dom jump height ND jump height
r (p) r (p)
PT 60 quadriceps -0.145 (0.478) - 0.148 (0.470)
PT 180 quadriceps -0.054 (0.792) - 0.165 (0.420)
PT 300 quadriceps -0.156 (0.448) - 0.108 (0.600)
PT 60 hamstrings -0.039 (0.848) - 0.227 (0.265)
PT 180 hamstrings -0.213 (0.296) - 0.030 (0.884)
PT 300 hamstrings 0.220 (0.281) - 0.043 (0.833)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque

Table 4.9 and Figures 4.5 to 4.8 below show the correlations between quadriceps and
hamstring muscle PT and the vertical jump peak power (watts) in both the dominant and
non-dominant legs for the total group of rugby players at three speeds. In the total group
the dominant leg showed significant correlations between quadriceps muscle PT at
180°%'sec and peak power output (r = 0.294; p = 0.036) (Figure 4.5), the quadriceps muscle
PT at 300°/sec and the vertical jump peak power (r = 0.352, p = 0.011) (Figure 4.6) and the
hamstring muscle PT at 60°sec and peak power output (r = 0.353, p = 0.011) (Figure 4.7).
On the non-dominant side a significant correlation was seen between the quadriceps
muscle PT at 300°/sec and the vertical jump peak power (r = 0.293, p= 0.037) (Figure 4.8).
There were no other significant correlations between quadriceps and hamstring muscle PT

and peak power output during the vertical jump test (Table 4.9).
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Figure 4.5: Correlation between Vertical Jump Peak Power (watts) and Quadriceps
Peak Torque (Nm) 180°/sec on the Dominant Side for the Rugby Players
(n=51) r = 0.294, p= 0.036 [95%ClI]
Abbreviations: DomPT180E: dominant peak torque at 180°%sec extension;

Peak P_Dom: Peak power dominant
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Figure 4.6: Correlation between Vertical Jump Peak Power (watts) and Quadriceps
Peak Torque (Nm) 300°/sec on the Dominant Side for the Rugby Players
(n=51) r = 0.352, p = 0.011[95%CI]
Abbreviations: DomPT3000E: dominant peak torque at 3000°/sec extension;

Peak P_Dom: Peak power dominant
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Figure 4.7:  Correlation between Vertical Jump Peak Power (watts) and Hamstring
Peak Torque (Nm) 60°/sec on the Dominant Side for the Rugby Players
(n=51) r = 0.353, p = 0.011 [95%CI]
Abbreviations: DomPT60F: dominant peak torque at 60%sec flexion;

Peak P_Dom: Peak power dominant

9000.0

8500.05

8000.0—

Peak_P_ND

7500.0

¥000.0

G500.0

T T T T T T
1000 125.0 150.0 1750 2000 2250
NDPT300E

Figure 4.8:  Correlation between Vertical Jump Peak Power (watts) and Quadriceps
Peak Torque (Nm) 300°/sec on the Non-Dominant Side for the Rugby
Players (n=51) r = 0.293, p = 0.037 [95%CI]
Abbreviations: NDPT300F: non-dominant peak torque at 3000°/sec flexion;
Peak P_ND: Peak power non-dominant
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Table 4.9: Correlation between Vertical Jump Peak Power (watts) and Quadriceps

and Hamstring Peak Torque (Nm) at 60°/sec, 180°/sec and 300°sec for

the Rugby Players (n=51)

Variable DOM Peak Power ND Peak Power-
r (p) r (p)

PT 60 quadriceps 0.209 (0.140) 0.167 (0.241)

PT 180 quadriceps 0.294 (0.036)* 0.203 (0.153)

PT 300 quadriceps 0.352 (0.011)# 0.293 (0.037)$
PT 60 hamstrings 0.353 (0.011)& - 0.038 (0.791)
PT 180 hamstrings 0.162 (0.255) 0.058 (0.638)

PT 300 hamstrings 0.158 (0.268) 0.152 (0.286)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque

*PT 180 quadriceps vs DOM peak power
#PT 300 quadriceps vs DOM peak power
$PT 300 quadriceps vs ND peak power
&PT60 hamstrings vs DOM peak power

Tables 4.10 and 4.11 below show the correlations between quadriceps and hamstring

muscle PT and the vertical jump peak power (watts) within the forward (Table 4.10) and

backline (Table 4.11) players. There were no significant correlations between these

variables.

Table 4.10: Correlation between Vertical Jump Peak Power (watts) and Quadriceps

and Hamstring Peak Torque (Nm) at 60°sec, 180°/sec and 300°/sec for

the Forward Players (n=26)

Variable DOM Peak Power ND Peak Power-
r (p) r (p)
PT 60 quadriceps 0.006 (0.975) 0.138 (0.502)
PT 180 quadriceps 0.111(0.590) 0.040 (0.845)
PT 300 quadriceps 0.215 (0.292) 0.238 (0.241)
PT 60 hamstrings 0.154 (0.451) -0.186 (0.364)
PT 180 hamstrings 0.086 (0.678) -0.075 (0.714)
PT 300 hamstrings 0.104(0.612) 0.090 (0.661)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque
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Table 4.11: Correlation between Vertical Jump Peak Power (watts) and Quadriceps

and Hamstring Peak Torque (Nm) at 60°/sec, 180°/sec and 300°sec for

the Backline Players (n=25)

Variable

DOM Peak Power
r (p)

ND Peak Power-
r (p)

PT 60 quadriceps
PT 180 quadriceps
PT 300 quadriceps
PT 60 hamstrings
PT 180 hamstrings
PT 300 hamstrings

0.045 (0.829)
0.103 (0.626)
0.119 (0.572)
0.113 (0.592)
- 0.100 (0.634)
0.188 (0.367)

- 0.026 (0.901)
0.162(0.439)
0.008 (0.970)
- 0.184 (0.378)
- 0.008 (0.968)
- 0.147 (0.483)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque

Tables 4.12 to 4.14 show the correlations for the quadriceps and hamstring muscle PT/BW

ratios (%) and the vertical jump height (cm) in the dominant and non-dominant legs for the

total group of rugby players (Table 4.12) and within the forward (Table 4.13) and backline

(Table 4.14) players. There were no significant correlations found between the PT/BW and

the vertical jump height in the group of rugby players and within the forward and backline

players.

Table 4.12: Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) Ratios (%) and Vertical Jump Height (cm) at
60°/sec, 180°/sec and 300°/sec for the Rugby Players (n=51)

Variable

Dom Jump Height
r (p)

ND Jump Height
r (p)

PT/BW quadriceps 60
PT/BW quadriceps 180
PT/BW quadriceps 300
PT/BW hamstrings 60
PT/BW hamstrings 180
PT/BW hamstrings 300

-0.023 (0.873)
0.153 (0.283)
0.183 (0.198)
0.087 (0.542)
0.075 (0.603)
0.251 (0.075)

0.049 (0.735)
0.146 (0.306)
0.214 (0.132)
-0.002 (0.990)
0.124 (0.385)
0.142 (0.322)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque; BW: body weight
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Table 4.13: Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) ratios (%) and Vertical Jump Height (cm) at
60°/sec, 180°/sec and 300°/sec for the Forward Players (n=25)

Variable

Dom jump height

r (p)

ND jump height
r (p)

PT/BW quadriceps 60
PT/BW quadriceps 180
PT/BW quadriceps 300
PT/BW hamstrings 60
PT/BW hamstrings 180
PT/BW hamstrings 300

-0.012 (0.955)
0.176 (0.389)
0.265 (0.191)
0.164 (0.424)
0.283 (0.161)
0.278 (0.168)

0.015 (0.940)
0.034 (0.871)
0.320 (0.112)
0.002 (0.992)
0.136 (0.507)
0.198 (0.332)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque; BW: body weight

Table 4.14: Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) Ratios (%) and Vertical Jump Height (cm) at
60°/sec, 180°/sec and 300°/sec for the Backline Players (n=26)

Variable

Dom jump height

r (p)

ND jump height

r (p)

PT/BW quadriceps 60
PT/BW quadriceps 180
PT/BW quadriceps 300
PT/BW hamstrings 60
PT/BW hamstrings 180
PT/BW hamstrings 300

-0.149 (0.477)
0.018 (0.933)
0.042 (0.842)
-0.027 (0.898)
-0.211 (0.312)
0.139 (0.507)

-0.111 (0.596)
0.097 (0.645)
-0.032 (0.878)
-0.232 (0.264)
-0.078 (0.710)
-0.064 (0.762)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque; BW: body weight

Table 4.15 and Figures 4.9 to 4.13 shows below the correlations of the quadriceps and
hamstring muscle PT/BW ratios (%) and the vertical jump peak power (watts) in both the
dominant and non-dominant legs for the total group and Table 4.16 to Table 4.17 within the
forward (Table 4.16) and backline (Table 4.17) players. In the total group when PT was
corrected for body weight significant negative correlations were found between the
dominant and non-dominant PT/BW ratios and vertical peak power. The quadriceps PT/BW
ratio on the dominant side showed a moderate negative correlation with peak power output
at 60%sec (r = - 0.295, p = 0.036) (Figure 4.9) and at 180°sec (r = - 0.295, p = 0.036)
(Figure 4.10). On the dominant side the hamstring muscle PT/BW had a moderate negative
correlation with peak power output at 180 °/sec (r = - 0.319, p =0.22) (Figure 14.11). On the
non-dominant side a moderate negative correlation was found between the hamstrings and
peak power output at 60°/sec (0.422, p = 0.002) (Figure 4.12) and a moderate correlation at
180°%sec to peak power (r= 0.305, p =0.030) (Figure 4.13). There were no significant
correlations within the forward or backline groups between PT/BW ratios and peak power

output.
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Figure 4.9:  Correlation between Vertical Jump Peak Power and Quadriceps Muscle
Peak Torque to Body Weight (PT/BW) Ratios (%) at 60°sec on the
Dominant Side for the Rugby Players (n=51) r = - 0.295, p = 0.036
[95%Cl]
Abbreviations: DomBWG60E: dominant PT/BW ratio 60%sec extension;

Peak P_ND: Peak power dominant
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Figure 4.10: Correlation between Vertical Jump Peak Power and Quadriceps Muscle
Peak Torque to Body Weight (PT/BW) ratios (%) at 180°/sec on the
Dominant Side for the Rugby Players (n=51) r = - 0.295, p = 0.036
[95%CI]
Abbreviations: DomBW180E: dominant PT/BW ratio 180°sec extension;

Peak P_ND: Peak power dominant
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Figure 4.11: Correlation between Vertical Jump Peak Power and Hamstring Muscle
Peak Torque to Body Weight (PT/BW) ratios (%) at 180°sec on the
Dominant Side for the Rugby Players (n=51) r = - 0.319, p = 0.022
[95%Cl]
Abbreviations: DomBW180F: dominant PT/BW ratio 180°sec flexion;

Peak P_ND: Peak power dominant
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Figure 4.12: Correlation between Vertical Jump Peak Power and Hamstring Muscle
Peak Torque to Body Weight (PT/BW) Ratios (%) at 60°/sec on the Non-
Dominant Side for the Rugby Players (n=51) r = - 0.422, p = 0.002
[95%Cl]
Abbreviations: NDBWG60F: non-dominant PT/BW ratio 60°sec flexion;

Peak P_ND: Peak power non-dominant
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Figure 4.13: Correlation between Vertical Jump Peak Power and Hamstring Muscle
Peak Torque to Body Weight (PT/BW) ratios (%) at 180°sec on the Non-
Dominant Side for the Rugby Players (n=51) r = - 0.305, p = 0.030
[95%CI]
Abbreviations: NDBW180F: non-dominant PT/BW ratio 180°sec flexion;
Peak P_ND: Peak power dominant
Table 4.15:  Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) ratios (%) and Vertical Jump Peak Power (watts)
at 60°/sec, 180°/sec and 300°/sec for the Rugby Players (n=51)
Variable Dom Peak Power ND Peak Power
r (p) r (p)
PT/BW quadriceps 60 -0.295 (0.036)* -0.212 (0.135)
PT/BW quadriceps 180 -0.295 (0.036)$ -0.235 (0.097)
PT/BW quadriceps 300 -0.185 (0.193) -0.188 (0.185)
PT/BW hamstrings 60 -0.164 (0.250) -0.422 (0.002)&
PT/BW hamstrings 180 -0.319 (0.022)# -0.305 (0.030)@
PT/BW hamstring 300 -0.205 (0.148) -0.238 (0.093)

Abbreviations:

Dom: dominant; ND: non-dominant; PT: Peak torque; BW: body weight

*PT/BW quadriceps 60 vs DOM peak power

$PT/BW quadr

iceps 180 vs DOM peak power

&PT/BW hamstrings 60 vs ND peak power
#PT/BW hamstrings 180 vs ND peak power
@PT/BW hamstrings 180 vs ND peak power
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Table 4.16: Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) Ratios (%) and Vertical Jump Peak Power (watts)
at 60°/sec, 180°/sec and 300°/sec for the Forward Players (n=26)

Variable Dom Peak Power ND Peak Power

r (p)

r (p)

PT/BW quadriceps 60
PT/BW quadriceps 180
PT/BW quadriceps 300
PT/BW hamstrings 60
PT/BW hamstrings 180
PT/BW hamstrings 300

-0.302 (0.133)
-0.250 (0.219)
-0.152 (0.458)
-0.205 (0.315)
-0.228 (0.263)
-0.176 (0.390)

-0.045 (0.826)
-0.186 (0.362)
-0.012 (0.953)
-0.355 (0.075)
-0.242 (0.233)
-0.093 (0.653)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque; BW: body weight

Table 4.17: Correlation between Quadriceps and Hamstring Muscle Peak Torque to
Body Weight (PT/BW) Ratios (%) and Vertical Jump Peak Power (watts)
at 60°/sec, 180°/sec and 300°/sec for the Backline Players (n=25)

Variable Dom Peak Power ND Peak Power

r (p)

r (p)

PT/BW quadriceps 60
PT/BW quadriceps 180
PT/BW quadriceps 300
PT/BW hamstrings60
PT/BW hamstrings 180
PT/BW hamstrings 300

-0.124 (0.556)
-0.114 (0.588)
-0.059 (0.778)
-0.051 (0.807)
-0.260 (0.209)
0.024 (0.911)

-0.166 (0.428)
0.000 (0.999)
-0.159 (0.448)
-0.308 (0.134)
-0.154 (0.462)
-0.273 (0.187)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque; BW: body weight

Tables 4.18 to 4.20 below shows the correlations of the reciprocal ratio (%) and the vertical
jump height (cm) and peak power (watts) for both the dominant and non-dominant legs in
the total group of rugby (table 4.18) players and within the forward (table 4.19) and backline
(table 4.20) players. There were no significant correlations found when comparing the

hamstring to quadriceps ratio and the vertical jump height or peak power output.
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Table 4.18: Correlations of the Reciprocal Ratio (%) and the Vertical Jump Height
(cm) and Peak Power (watts) in Both the Dominant and Non-Dominant

Legs in the Total Group of Rugby Players (n=51)

Variable Dom Jump Height (cm) ND Jump Height (cm)
r (p) r (p)

H:Q 60 0.118 (0.410) - 0.053 (0.712)

H:Q 180 - 0.045 (0.755) - 0.040 (0.782)

H:Q 300 0.164 (0.250) - 0.052 (0.716)
Dom Peak Power ND Peak Power

H: Q60 0.160 (0.261) - 0. 164(0.251)

H:Q 180 - 0.103 (0.473) - 0.239 (0.092)

H:Q 300 - 0.076 (0.596) - 0.174 (0.221)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque; BW: body weight

Table 4.19: Correlations of the Reciprocal Ratio (%) and the Vertical Jump Height
(cm) and Peak Power (watts) in Both the Dominant and Non-Dominant

Legs in the Total Group of Forward Players (n=26)

Variable Dom Jump Height (cm) ND Jump Height (cm)
r (p) r (p)

H:Q 60 0.225 (0.268) 0.25 (0.902)

H:Q 180 0.186 (0.364) 0.046 (0.822)

H:Q 300 0.132 (0.520) - 0.094(0.649)
Dom Peak Power ND Peak Power

H:Q 60 0.118 (0.567) - 0.264 (0.192)

H:Q 180 - 0.018 (0.930) - 0.254 (0.210)

H:Q 300 - 0.0.66 (0.747) - 0.178 (0.384)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque; BW: body weight

Table 4.20: Correlations of the Reciprocal Ratio (%) and the Vertical Jump Height
(cm) and Peak Power (watts) in Both the Dominant and Non-Dominant

Legs in the Total Group of Backline Players (n=25)

Variable Dom Jump Height (cm) ND Jump Height (cm)
r (p) r (p)

H:Q 60 0.094 (0.657) - 0.133 (0.526)

H:Q 180 - 0.228 (0.273) - 0.193 (0.354)

H:Q 300 0.137 (0.514) - 0.057 (0.785)
Dom Peak Power ND Peak Power

H:Q 60 0.073 (0.730) - 0.141 (0.501)

H:Q 180 - 0.186 (0.374) - 0.198 (0.343)

H:Q 300 0.111 (0.598) - 0.157 (0.455)

Abbreviations: Dom: dominant; ND: non-dominant; PT: Peak torque; BW: body weight
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CHAPTER 5

5.1

5.2

DISCUSSION

The objective assessment of muscle performance for the evaluation of conditioning
programmes, talent identification, and the establishment for normative values, therapeutic
rehabilitation progression and identification for predisposing factors to injury are the interest

71314.17.20.21,46.58.6085) Tha purpose of this study was to assess whether

of many studies.®
there was a correlation between isokinetic knee torque and vertical jump testing results, in

order to assess muscle function in a group of rugby players.

DEMOGRAPHIC INFORMATION

The demands of the sport of rugby have increased due to the turning to professionalization
of the game. Furthermore, research has shown that the stature of a rugby player is also
important for success and performance during the professional era®**#2-9 gnd there has
been an increase in the weight and the height of rugby players in the last century.®89 |n
this current study the forward players were found to be taller compared to the backline
players. This finding is similar to that of Quarrie and Hopkins (2007)®" and Duthie et al.
(2003)®® These differences in height and weight are necessary for the positional demands
placed on the forwards, especially during the set pieces.®3%3® The nature of the game
needs the locks and flankers to be taller than the rest to compete and contest in lineouts. In
addition, the higher body mass of the forwards found in this study allows them to reach
greater momentum® during tackles and produce larger force in the scrum.® Furthermore,
the backline players are known as the ball carriers® and therefore need to be more agile

and have the ability to evade their opponents.

VERTICAL JUMP HEIGHT AND PEAK POWER

The two most common testing techniques for the vertical jump test are the squat jump and
the counter-movement jump.®” The squat jump was preferred in this study, due to there
being a lesser chance for variability in the squat jump technique compared to the

countermovement jump.®?

The backline players showed the tendency to be able to jump higher than the forward
players when starting on either the dominant or non-dominant leg; however, only the non-
dominant leg showed a significant difference (39.5 + 6.7cm vs. 35.2 + 6.8cm). Previous
research also found that the backline players were able to jump higher (means ranged from
51.4cm — 65.3cm) during the vertical jump test compared to the forward players (mean

ranged from 49.9cm — 62.3cm).®%*%Y Although, the findings of the current study are
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comparable to previous research, the previous studies assessed a bilateral vertical squat
jump method and the current study assessed a unilateral squat jump method. Why the
backline players significantly jumped higher from their non-dominant leg could be a
misinterpretation of what in fact is their dominant leg seeing it was established only by
guestioning the players as to which leg they preferred to kick the ball with. Backline players
are also involved more in kicking in the team and the kicking leg is sometimes presumed to
be the dominant leg,®? although all the stability during the kick is placed on the non-
dominant leg and therefore they could be more used to stabilize on the non-dominant leg
compare to the forward players. This could perhaps cause some error when interpreting

which leg indeed is the dominant side.

When analysing the total group, there also was a trend for the players to achieve a better
jump height using the non-dominant side; however, these results were not significantly
different from the dominant jump height. The reason for the non-dominant side having a
greater jump height is unclear; however, it could be due to the fact that the non-dominant
leg is used mostly to stabilize the player during kicking activities and the player could
therefore be more stable on this leg prior to the jump.®® Furthermore highly trained athletes
train their dominant and non-dominant sides evenly during practice sessions.(93) Recent
studies showed that the dominance factor is not applicable to highly trained athletes®®?
and Swearingen et al. (2011)®? found that non-athletes performed better in a single leg
vertical jump test using the non-dominant leg compared to the dominant leg. This finding,
however, is in contrast to a study by Kobayashi et al. (2013)“? who found in non-athlete
males the dominant leg performed better in the single leg vertical jump compared to the
non-dominant side (19.2 + 3.9cm vs. 17.0. + 3.5cm, p = 0.001). De Ruiter et al. (2010) ©?
stated that there is no clear difference in dominant versus non-dominant legs in leg
extension torque or muscle stimulation.®? The reason why there is contradiction to the
above mentioned literature could be due to different equipment used. Kobayashi et al.
(2013)®? used a Kistler force platform compared to the Vertec used in the study of
Swearingen et al. (2011)(94). Additionally the testing participants was conducting in male
and females participants mixed between students and working class with a mean age of
23.9 + 2.0 years (94) and Kobayashi et al. (2013)®® used only male physical activity

students with a mean age of 23 £ 1 years.

In order to assess the peak power output during the vertical jump test, the player's body
weight is taken into consideration. The forwards (D: 7946.0 £ 396.5watts, ND: 7958.4 %
404.0watts) were found to have a significantly greater peak power output compared to the
backline players (D: 7332.7 + 415.3watts, ND: 7445.9 + 442 .2watts) on both the dominant

and non-dominant sides. As the forward players were found to weigh more than the
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5.3

backline players, this indicates that the heavier the player the greater amount of power they
are able to generate during a vertical jump test. Therefore this concurs with previous
research suggesting that heavier players will produce greater power to reach a similar jump

((17.60.72,80)

height when compared to a lighter perso due to the fact that they need to

overcome higher resistance before the jump.

Isokinetic Parameters

In order to compare our study with other previous studies the peak torque (Nm) was
assessed in the rugby players, but for comparisons between the backline and the forward
players the peak torque to body weight ratio (PT/BW) will be used for that discussion. The
reason for this is that it is necessary to normalize for body weight when groups are being

assessed and in order to compare individuals to each other.

QUADRICEPS PEAK TORQUE (NM) AND PEAK TORQUE TO BODY WEIGHT RATIO
(%)

Functional and sporting activities are accompanied by high torque generated at the joints
and therefore testing at higher velocities could have a better indication to sporting
activities®*? and the assumption could be made that different muscle properties are being
assessed at the different speeds and therefore it is important to include the different angular
velocities.® This is in fact contradictory to findings of Olmo and Castilla (2005)“® which
confirms a strong correlation of peak torque extension between 60°/sec and 300°/sec and
both parameters produce similar information regarding muscle strength. Researchers®?
argue that the assumption that strength is tested at slower velocities (below 60°/sec), power
during higher velocities (180°/sec - 300°/sec) and functional testing (above 300°/sec) cannot

be confirmed and therefore do not agree with Davies (1992).®%

When assessing the groups’ quadriceps muscle strength at the varying speeds, the
guadriceps muscle peak torque was found to be the highest at the slowest velocity and to
decrease as the velocity increased. This is a common phenomenon found in isokinetic

testing (55.58,60)

This phenomenon is known as Hill's equation and stipulates that during
concentric muscle action the time for cross bridge formation between actin and myosin

filaments reduces with the increase in velocity of contraction.(95)

For the total group of rugby players, the quadriceps muscle peak torque (Nm) ranged from
144.4 £ 26.7Nm at 300°/sec to 271.3 £ 55.9Nm at 60°/sec. In this study the PT on the
dominant side had a trend of being stronger than the non-dominant side at all speeds. The

forwards showed a trend to have a higher quadriceps absolute muscle peak torque (Nm)
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compared to the backline players on both the dominant and non-dominant sides; however
this was only significant when assessing the dominant side at 60°/sec and on both sides at
300°/sec. Cheung et al. (2013)®” found similar findings but with no significant difference

between the dominant and non-dominant quadriceps peak torque in soccer players.

The PT/BW values ranged from 146.5 + 27.2% to 274.9 + 54.8% at 300°/sec and 60°/sec
respectively. In contrast to a study done by Siqueira et al. (2002)® the PT/BW ratio knee
extension values are considerably lower than the jumping and running athletes found in
their study. Knee extension PT/BW ratio ranged from 347.1% to 373.9% at 60°/sec.® In the
same study the non-athletes were also found to have higher values than in this current
study with PT/BW values ranging from 311.5% - 315.1%. In a further study done by
Orchard et al. (1997)® in Australian footballers showed higher values at the three
velocities at 60°/sec, 180°/sec and 300°/sec, with ranges from 314 + 33% to 188 + 26%.
The possible cause for the lower values in this current study could be the fact that the
testing was done after their off-season period and therefore deconditioning might have
taken place during the rest phase. The other studies did not mention the phase their testing

was done in.

The PT/BW ratio (%) on the dominant side also showed the trend of being stronger than the
non-dominant side at all speeds. This concurs with other studies.®®” Siqueira et al.
(2002)® found a tendency of the dominant leg to be stronger than the non-dominant leg in
running and jumping athletes but with no significant difference. In non-athletes there was a
significant difference between the dominant and the non-dominant sides at 60°/sec and
240°/sec (p = 0.009 in both speeds). The dominant side is considered to be stronger than
the non-dominant side®, however a difference of more than 10% may indicate signs of

(56)

pathology.

In order to compare the force production in the forward and backline groups the relative
peak torque should rather be taken into consideration, especially in the weight bearing
limbs. Normalisation of strength compared to body weight allows for individual and group
comparisons.®™ When corrected for body weight, the backline players, being lighter than
the forward players, showed a higher percentage of peak torque relative to body weight.
The backline players produced a significantly higher percentage peak torque on their non-
dominant side at 180°/sec (200.2 + 32.4Nm/kg vs. 178.4 + 39.3, p = 0.035) compared to the

forward players.
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5.5

HAMSTRING PEAK TORQUE (NM) AND PEAK TORQUE TO BODY WEIGHT RATIO (%)
Hamstring strength is an important factor in normal biomechanics and injury prevention.
The hamstring muscle acts as a synergist to the anterior cruciate ligament (ACL) and
therefore helps to prevent anterior translation of the tibia on the femur.“**? Furthermore,
weak hamstrings muscles relative to the quadriceps muscle strength could predispose the

player to possible hamstring injuries.*?

The total group showed a PT range of 85.5 + 19.5Nm to 137.7 + 28.3Nm from 300°/sec to
60°/sec and a relative strength (PT/BW) of 87.0 + 19.8% to 141.3 + 27.0%. These values
are also lower than what was found in the Australian footballers who produced PT/BW
values of 127 + 25% - 206 + 31% at 300°/sec to 60°/sec.*® These lower values from this
current study could indicate a limitation in the conditioning program where the players might
focus more on the quadriceps strength and not too much on hamstring strength.

For the total group the dominant side also showed a trend of producing higher values than
the non-dominant side, but with no statistical significance. The forwards again show a
higher absolute peak torque compared to the backline players with a significant difference
at 60°/sec on the dominant side (151 + 28.5Nm vs. 127.6 + 23.6Nm, p = 0.002) and on the
non-dominant side at 300°/sec (90 £+ 23.5 vs. 80.0 £ 12.5Nm, p = 0.045). However, when
corrected for body weight, the backline players produced a higher percentage of peak
torque to body weight ratio at all three velocities. The backline players also produced a
significantly higher PT/BW ratio at 60°/sec on the non-dominant side (143.8 + 25.2 % vs.
127.1 + 30.5 %, p = 0.038). These findings are along the same trend as found for the

guadriceps muscle strength results.

UNILATERAL HAMSTRING/QUADRICEPS (H:Q) RECIPROCAL RATIO (%)

Co-activation of hamstring and quadriceps muscles protects the knee joint against faulty
lower limb biomechanics.“Y This concentric ratio is established when the strength of the
weaker muscle group (hamstring muscle group) is divided by the strength of the stronger
muscle group (quadriceps muscle group).® During movement the hamstring muscles are
the antagonist to the quadriceps muscles and act eccentrically to the concentric quadriceps,
therefore this ratio is seen not to be very functional, although this ratio will give an idea of

the relationship between muscles around the knee joint.®

In this study the unilateral ratio increased with an increase in velocity. This phenomenon is
expected during isokinetic testing.“>*® For the total group the H/Q ratio ranged from 52.6 +
10.1% to 61.5 + 9.8%. According to established guidelines®® the rugby players in this study
are below the acceptable values, indicating hamstring muscle weakness compared to the

quadriceps muscles. Orchard et al. (1997)*? stated that a hamstring to quadriceps ratio
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below 61% could place a player at an increased risk for hamstring injuries. For 60°/sec the
ratio range is 60% — 69%, the 180°/sec is 70% - 79% and at 300°/se the ratio is 80% -
89%.%® In this study there was no clear difference between forwards and backline which
concurs with Rosene et al. (2001)“? who argued that athletes can maintain similar strength
on both sides. In the current study both groups fall below the acceptable ranges in the H:Q
ratio’s. This could have significant implications in the whole study because this, in fact,
means that the hamstring muscle group of all the players is weak and could possibly not

perform optimally during functional testing.

CORRELATIONS

5.6

PEAK TORQUE TO VERTICAL JUMP HEIGHT AND PEAK POWER

There was a trend for the peak torque values of the quadriceps and the hamstring muscle
groups to be negatively correlated to the vertical jump height in the total group as well as in
the forwards and backline players. Even though there was this trend, the only significant
correlation to the vertical jump height was for the hamstring muscle PT at 60°/sec on the
non-dominant side in the total group (r = -0.313, p = 0.025). This small contribution of the
concentric hamstring muscles during the squat jump may indicate that the hamstrings are
more involved eccentrically, and further studies are needed to test eccentric torque and

jump height to support this hypothesis.

In the literature it is also found that higher isokinetic speeds have a closer relationship to
functional performance.® This was seen in a positive correlation between the PT
hamstrings strength at 300°/sec and vertical jump height on the dominant side, indicating
that faster speeds may translate to increased functionality. In addition, lossifidou et al.
(2005)® found a stronger correlation between higher angular velocities and the squat
vertical jump. Isokinetic testing done in the current study went up to 300°/sec, but functional

performance like a jump exceeds this velocity.“®

The quadriceps muscle group is seen as the muscle group that makes the biggest
contribution to the squat jump.  Augustsson and Thomeé (2000)” found that knee
extensor peak torque at 60°/sec had a good correlation with vertical jump height (r = 0.57, p
= 0.022) in healthy male subjects. However, contradictory to literature, the current study
unexpectedly found that the strength of the quadriceps did not relate to better jump
performance. Malliou et al. (2003)™® found a significant correlation to the squat jump and
isokinetic peak torque knee extension testing at 60°/sec and 180°/sec with r-values ranging
from 0.595 to 0.783 (p = 0.05 and 0.01 respectively) which concurs with a study from
Tsiokanos et al. (2005)®? In the study from Malliou et al. (2003)™® the subjects were
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considerably lighter (80.2 + 6.3kg) than the current study. Other studies found contradictory
results with no relationship to isokinetic peak torque.™*??2%) Alemdaroglu (2012)"* found
no significant relationship between isokinetic quadriceps and hamstring muscle strength
and the squat vertical jump in first division basketball players at 60°/sec and 180°/sec.
Furthermore, Anderson et al. (1991)® found no correlation with concentric knee extension
testing in a supine position at 60°/sec and 180°/sec. This contradiction in the literature
between isokinetic strength and vertical jump might mean that one test cannot be used in

place of the other."*

When assessing the peak torque of the quadriceps and hamstring muscles to the peak
power of the vertical jump positive relationships were found in the total group except in the
non-dominant side of the hamstring muscles at 60°/sec. The quadriceps on the dominant
side at 180°/sec (r = 0.294, p = 0.036) and both the quadriceps on the dominant (r = 0.352,
p = 0.01) and non-dominant (r = 0.293, p = 0.037) side at 300°/sec showed significant
positive correlations to the vertical jump peak power. This suggests that jumping
performance correlates better at higher angular velocities of isokinetic testing, indicating
that as the speed becomes closer to a functional speed the performance correlation
improves. Furthermore, body weight may have an effect on performance testing, and
should be taken into account when interpreting these relationships.®® In addition, the
dominant hamstring peak torque at 60°/sec showed a positive correlation to peak power of
the total group of rugby players (r = 0.353, p = 0.011). This indicates that concentric
hamstring muscle strength does contribute, by a small percentage, to the power produced

during the squat jump.

PEAK TORQUE TO BODY WEIGHT RATIO’S TO VERTICAL JUMP HEIGHT AND PEAK
POWER

The positive correlations between peak torque to body weight ratio’s and vertical jump
height at all speeds except for 60°sec indicates that an increase in jump height was
obtained with an increase in peak torque ratio and are in support of research performed by
Negrete and Brophy (2000).*" Negrete and Brophy (2000)*Y found a significant correlation
(r = 0.546, p = 0.0001) between a single leg vertical jump height and knee extensor PT and

percentage PT/BW at 180°/sec in college male and female students.
This is expected, as during a squat jump the player needs to overcome his body mass and

thus isokinetic parameters corrected to body weight becomes more relevant to consider in

this setting.
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In contrast, the opposite was found when analysing the relationship between relative peak
torque and vertical jump power in the current study. The majority of quadriceps and
hamstring muscle strength tests were found to have negative correlations to the vertical
jump peak power. Therefore, despite correcting for body weight when addressing the
relationship between strength and power, an inconsistent finding emerged in this study. The
fact that isokinetic torque measurements are divided into phases of acceleration, load range
and deceleration®**® Rothstein et al. (1987)® argued that in the initial part when the
muscle produces a force to move the limb up to the pre-selected velocity it is in fact not
recorded, thus ratios or percentages are not accurate and cannot account for clinical

reasoning.

RECIPROCAL RATIOS TO VERTICAL JUMP HEIGHT AND PEAK POWER

The reciprocal ratios are an indication of agonist-antagonist function. In this study there are
more negative relationships than positive relationships to the vertical jump height and the
peak power in the total group. The non-dominant side showed more negative correlations
than the dominant side. None of the correlations were found to be significant. It is worth
noting that the pattern of movement for the hamstring muscle group is different in the
isokinetic action when compared to the jump. The isokinetic test is an open chain
movement®® from a fixed position at a less than functional velocity.®® In contrast, the squat
jump is a functional movement which incorporate multi-joints®” initiated from a closed chain
position.(ﬁo) Thus, the differences between the two tests, coupled with the fact that the
hamstring muscle does not act in a true concentric manner during the squat jump could
explain why no relationship was found to exist. This study further reinforces the gap
between isokinetic testing and functional performance which is mentioned in the literature.
Therefore, clinicians and coaches are encouraged to incorporate both isokinetic and power

measurements to ensure a comprehensive assessment of their players.
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CHAPTER 6

6.

6.1

SUMMARY, CONCLUSION, LIMITATIONS AND RECOMMENDATIONS

SUMMARY

The aim of the study was to investigate the correlation between isokinetic peak torque
parameters and the vertical squat jump test in rugby union players. According to the current
literature there is a tendency to correlate absolute tests with functional test to guide
clinicians working in low resource facilities to optimise progression in rehabilitation and
training in the absence of sophisticated and expensive equipment. The literature, however
indicate contradictory results with regards to the relationship between isokinetic peak torque
parameters and vertical jump tests. The differences observed might be due to different
testing procedures, different equipment used, sporting population investigated and different
gender. Similar methodologies were applied in a limited number of studies. These studies
were however not performed on a rugby playing population. In South Africa rugby is one of
the most popular sport with a high injury incidence rate and many players from areas with
limited access to expensive equipment increasing the need for reliable functional testing as

substitute lower limb strength.

Single leg vertical jump normative data could be of value for the rehabilitation team when
assessing for function after an injury and to the conditioning specialist to assess for any
bilateral functional differences. A single leg jump test could predict bilateral muscle
differences. Therefore the research question to be answered was: Is there a correlation
between isokinetic testing and the single leg vertical squat jump in rugby union players?

In order to answer the posed question, a cross-sectional study design was performed on
university rugby players. Isokinetic testing was performed at different speeds for hamstring
and quadriceps to determine the ratio’s. A sigle leg vertical squat jump was also performed
by the same participants. The results indicated a significant negative correlation between
PT concentric strength from the hamstrings at 60°/sec and the vertical jump height on the
non-dominant side. Positive correlations was seen in both quadriceps torque and hamstring
torque when comparing PT to vertical power at the higher velocities showed significant
correlations at 180°sec and 300°%sec. No significant correlations was found when peak
torque was corrected for body weight and compared to vertical jump height. When
comparing PT to vertical jump power corrected for body weight negative correlations was
seen and significant correlations at the slower velocities in the both the quadriceps and
hamstrings. The reciprocal ratio’'s showed no correlations to the vertical jump height or

power. The present study did highlight that the participating rugby players were slightly
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weaker than their overseas counterparts and could be valuable information to the

conditioning staff

CONCLUSION

In conclusion, the presented study showed no clear correlation between lower limb
isokinetic knee muscle torque parameters and the vertical jump performance in the tested
rugby players. Isokinetic strength might not be a factor in predicting jump performance.
Therefore the rugby testing battery should be designed according to the specific need of the
rugby coach, and may need to address strength and power parameters independently and
test batteries should rather be established specific to the coach and rehabilitation experts’
need. Findings from this study contribute to the controversy of the gap between isokinetic

testing and functional performance a mentioned in the literature.

LIMITATIONS AND RECOMMENTDATIONS

The findings of this study should be interpreted considering some limitations that were
present. Players were tested at the end of the off-season and were tested prior to being
conditioned for the new season. Players were requested to indicate dominance; they might
have indicated dominance on the dominant hand for writing, which could be different from
the dominant leg. A limb symmetry index could have been included in the results that could

have given more clarity on the difference between left and right.

The familiarization of a player to the test could have had an impact. Most of the players are
very familiar to vertical jump, but not to isokinetics. Training on isokinetic more than once
could make the testing more reliable. Also randomly assign testing order rather than
selecting the limb sequence to cancel out any familiarization it could have on the testing
procedure. A larger sample size and randomization of participants could also give more

reliability to future studies.

Recommendations for future studies should include studies that focus on including the
plantar flexion torque to compare to the vertical jump. Some studies stated to include the
hip or ankle joint as the vertical jump is a multi-joint movement. Strength is not the only
factor involved in function and it is also important to look at other factors contributing to a
jump such as flexibility, balance and neuromuscular control. Also other isokinetic
parameters like average power and peak torque in the first third of the ROM could related
better to function as well as eccentric torque. Coordination and timing are also important
during the vertical jump and to touch the vane at the highest possible point in time is related
to skill and balance and this therefore predisposes this manner of testing to a margin of

error.
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Data Sheet

Code:

Age:

Playing position:

Dominant leg:

Measurements:

Weight (kg)

Height (m)

Vertical Jump height: (cm)

Biodex testing:

60° Knee extension (NM)

60° Knee Flexion (NM)

180° Knee extension (NM)

180° Knee Flexion (NM)

300° Knee extension (NM)

300° Knee Flexion (NM)
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[ NORTH-WEST UNIVERSITY
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/\ ec 5 NOORDWES-UNIVERSITEIT

PHYSICAL ACTIVITY, SPORT & RECREATION POTCH EFSTROOM CAMPUS

Wits Medical School Private Bag X6001, Potchefstroom
7 York Street South Africa 2520
PARKTOWN

Johannesburg Tel: (018) 299-1111/2222
2193 Web:  http://www.nwu.ac.za

Physical Activity, Sport and Recreation

Tel: (018) 2991821
Fax: (018) 285 6028
E-Mail: hanlie.moss@nwu.ac.za

RE: DATA FOR MASTERS DEGREE: MS E KRUGER

Ms Kruger, an employee of the North-West University, Potchefstroom campus, has
access to data that has been collected during her duties related to the rehabilitation
of Rugby players from the Rugby Institute of the North-West University. She has
requested to use the data collected for the completion of her mini- dissertation at
Wits.

As Director of the research focus area: Physical activity, Sport and Recreation
(PhASRec), | give consent that the data may be used for a qualification obtained
from Wits in the following circumstance:

e A co- or assistant supervisor from the research focus area PhASRec should
be appointed in the study

e Any publications based on the data should include the student and
co/assistant supervisor from NWU.

We are looking forward to this collaboration. Should you have any
guesdtions please contact me. Kind regards

Prof S.J. Moss
Director: PhASRec
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NAME: Miss Esti Kruger
Principal Investigator
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PROJECT TITLE: The Predictive Value of Isokinetic Knee Joint
Muscle Strength for Vertical Jump Performance
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SUPERVISOR: Dr Kerith Aginsky

APPROVED BY: '/
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Principal Investigator Signature Date
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NWU Biokinetics Institute

C/O Steve Biko str/ Borcherd str
Cachet Park

Potchefstroom

2531

Tel: (018) 299 1824
Fax: (018) 299 1824
Practice number: 091 000 009 5397

INFORMED CONSENT FORM FOR BIODEX EVALUATION
1. Purpose and explanation of the test

You are going to take part in an isokinetic (Biodex) evaluation where muscle strength will be tested.
The involved Biokineticist/Intern will explain the specific procedure. The evaluation may be stopped
at any time. It is the right of the Biokineticist to refer you/ refer you back to the doctor if necessary.

2. Attendant Risks and Discomfort

During the observation part of the evaluation, you will be expected to remove some parts of your
clothing enabling the Biokineticist to do a posture analysis. In order to do a better posture analysis,
the Biokineticist may feel for certain landmarks on your body. Participants should take into account
that there are both male and female personnel working at the Institute for Biokinetics and that any
of previously mentioned may do your evaluation, unless preferred otherwise. Emergency
equipment and trained personnel are available to deal with unusual situations that may arise.

3. Responsibilities of the Participant

Information you possess about your health status or previous experiences of heart-related
symptoms (e.g. shortness of breath with low-level activity, pain, pressure, tightness, heaviness in
the chest, neck, jaw, back, and/or arms) with physical effort may affect the safety of your exercise
test. Your prompt reporting of these and any other unusual feelings with effort during the exercise
test itself is very important. You are also expected to report all medications (including
nonprescription), food and drinks taken recently and, in particular, those taken today, to the testing
staff.

4. Benefits to be expected

The results obtained from the exercise test may assist in the diagnosis in evaluating what type of
physical activities you might do for safe exercise prescription.

5. Inquiries

Any questions about the procedure used in the exercise test or the results of your test are
encouraged. If you have any concerns or questions, please ask us for further explanations.

6. Use of Medical Records

The information that is obtained during exercise testing will be treated as privileged and
confidential as described in the Health Insurance Portability and Accountability Act of 1996. It is not
to be released or revealed to any person except your referring physician without your written

consent. However, the information obtained may be used for statistical analysis or scientific
purposes with your right to privacy retained.
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7. Freedom of Consent

| hereby consent to voluntarily engage in an exercise test done by either a qualified
Biokineticist/Intern to determine my exercise capacity and state of cardiovascular health. My
permission to perform this exercise test is given voluntarily and | am aware that this is an
educational training facility where students are in their first year of training and may assist in any of
my needs. | understand that | am free to stop the test at any point if | so desire.

I have read this form, and | understand the test procedures that | will perform and the attendant
risks and discomforts. Knowing these risks and discomforts, and having had an opportunity to ask
guestions that have been answered to my satisfaction, | consent to participate in this test.

Signature Date
(if under 18 yrs of age, parent/guardian)

Signature of Witness Date
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This isto declare that I, Annette L Combrink, accredited
translator/language editor of the South African Translators' Institute, have
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