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&

NORTH-WEST UNIVERSITY
YUNIBESITI YA BOKONE-BOPHIRIMA
NOORDWES-UNIVERSITEIT

POTCHEFSTROOMKAMPUS

General Information Questionnaire, Informed Consent and Test Protocol to
determine the effects of long-term Vertimax-training

GENERAL INFORMATION

Please write clearly!

1. GEOGRAPHICAL INFORMATION

1.1 Surname: Initials First Name
1.2 Age:

Years: Months:

1.3 Birth date:

Year: Month: Day:
1.4 Permanent residential address in South Africa:

1.5 Permanent postal address in South Africa:

1.6 Phone numbers:

Home: Work:

Fax: Cell:

E-mail:

1.7 Ethnic group

White Coloured Black Indian
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In the next few question cross out the answers that are applicable to you!!

2. INFORMATION REGARDING TRAINING HABITS

2.1 Years you’ve been playing rugby - since you started to specialise in rugby.

1-2 years

3-4 years

5-6 years

7-8 years

8-9 years

10-11 years

12 or more

2.2 Frequency of training - how many d

ays per week do you normally train?

1 day

2 days

3 days

4 days

5 days

6 days

7 days

2.3 Frequency of training - how many d

ays per week do you normally do weight training?

1 day

2 days

3 days

4 days

5 days

6 days

7 days

2.4 Frequency of training - how many d

ays per week do you normally have field sessions?

1 day 2 days 3 days 4 days 5 days 6 days 7 days
2.5 How many hours per day do you normally train?

1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more
2.6 How many hours per day do you normally spend on weight training?

1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more
2.7 How many hours per day do you normally spend on training on the field?

1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more

2.8 Do you spend any time on psychological preparation for rugby and competitions?

| Never

| *Sometimes

| *Often

| *Always

* Please specify the type of psychological preparation you do if you marked any of these
three options:
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3. MEDICAL INFORMATION

3.1 Please describe any past or current musculoskeletal conditions you have incurred (i.e.,
muscle pulls, sprains, fractures, surgery, back pain, or any general discomfort):

Head/Neck:

Shoulder/Clavicle:

Arm/Elbow/Wrist/Hand:

Back:

Hip/Pelvis:

Thigh/Knee:

Lower leg/Ankle/Foot:
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3.2 Please list any medication being taken currently and/or taken during the last year:

3.3 List any other illness or disorder that a physician has told you of:

4. COMPETITION DATA
4.1 At what level are you competing this year?

4.2 What is the highest level that you competed at last year?

Club: Provincial: National: International:

4.3 How many matches, approximately, have you played?

| Club: | Provincial/National:

4.4 What were the highest achievements you attained the past two years?

Achievement Competition Date

4.5 What position/s do you usually play during matches?
1.

2.
3.
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NOORDWES-UNIVERSITEIT
POTCHEFSTROOMKAMPUS

NORTH-WEST UNIVERSITY
YUNIBESITI YA BOKONE-BOPHIRIMA

CONFIDENTIAL

Informed consent form
PART 1

1.

School/lInstitute:
School for Biokinetics, Recreation and Sport Science

Title of project/trial:
The effects of a combined resisted jump training and rugby-conditioning program on selected
physical, motor ability and anthropometric components of rugby players.

Full names, surname and qualifications of project leader:
Ben Coetzee, B.Sc., B.Sc. (Hons), M.Sc. and Ph.D

Rank/position of supervisor:
(Professor, Lecturer, Research scientist etc.)
Senior Lecturer

Full names, surname and qualifications of supervisor of the project:
(Complete only if not the same person named in 4.)
Same as above.

Name and address of supervising medical officer (if applicable):
Not applicable

Aims of this project

The aims of this project are:

To determine the effects of a four-week combined rugby conditioning and resisted jump
training program compared to a rugby conditioning program alone, on selected physical, motor
ability and anthropometric components of university-level rugby players.

To determine the significant acute effects of a resisted jump training session on selected
physical and motor ability components of university-level rugby players.

Explanation of the nature of all procedures, including identification of new procedures:
Collection procedures and selection of rugby players.

The subjects will consist of two groups of rugby players. Thirty u/19 and u/21 rugby players of
the North-West University in Potchefstroom (South Africa) will be randomly selected. The
thirty players will in turn also be randomly divided into two groups of fifteen players each.
One group will form the experimental group and the other the

control group. After the treatment period of 4 weeks, a crossover design will be implemented
by subjecting the control group to the treatment and allowing the initial experimental group to
form the control group. The acute study will follow the same research design.
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b)
l.

Procedures

Demographic and general information questionnaire:

The players’ demographic and personal information will be collected by means of a
demographic and general information questionnaire. The players’ ages, exercising habits,
injury incidence and competing levels will be obtained by means of this questionnaire.
Anthropometric data will be collected by taking a few body measurements and the physical
and motor ability performance data by means of a test battery.

. Anthropometric measurements and components:

The following anthropometric components will be determined in accordance with the methods
of Marfell-Jones et al. (2006). Body composition, fat mass and skeletal mass will be analyze
in this section. Body fatness will be determined through the sum of the following skinfolds
(SUMGSF): triceps, subscapular, abdominal, supraspinale, front thigh and calf skinfolds and
according to the formulas of Withers et al. (1987:198). Muscle and skeletal mass will be
calculated using the formulas of Lee et al. (2000:796) and Martin et al. (as quoted by
Drinkwater & Mazza, 1994:103). The following anthropometric variables will be measured
under the section of muscle and skeletal mass: body stature and body mass; relaxed arm, thigh
and calf girth; triceps, thigh and calf skinfolds as well as ankle, femur, humerus and wrist
breadths.

Physical and motor ability components:

The players will be subjected to a test battery for the measurement of lower body flexibility
(The Passive-straight-leg-raise- (PSLRT) and The Modified Thomas Quadriceps Test
(MTQT), lower body explosive power output (vertical jump test (VJT)), speed and
acceleration (20m-speed test), agility (lllinois Agility Run Test (IART) and leg strength (6RM
(repetition maximum) Smith Machine Squat Test (SMST)).

More long-term treatment — testing procedure:

The players will undergo four days of testing, namely two pre and two post-test days
respectively. The first visit to the sport science laboratory will be a habitation trial to
familiarize the players to the apparatus to be used and to practise the exercises on the
Vertimax. On this visit, players will also complete an informed consent form and a general
information questionnaire regarding their exercising habits, playing positions, best
performances of the last two years and injury incidence. Once they had completed the last-
mentioned forms the exercises and research project will be explained to each player. This will
be followed by the execution of the different exercises on the Vertimax. A week after the
familiarization period the first testing day will commence. On the first pre-test day the
anthropometric measurements, lower body flexibility, explosive leg power, speed and
acceleration as well as the agility and lower body muscle strength tests will be executed. The
experimental group will then be subjected to four weeks of a combined resisted jump training
and rugby conditioning program. The rugby conditioning program

will comprise field sessions twice a day and resistance training sessions three times a week.
The experimental group will also participate in resisted jump training sessions three times a
week, for a 4-week period over and above their normal rugby training. All control group
subjects will be requested to refrain from any resisted jump training and will only follow their
normal rugby conditioning program during the 4-week period.
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Following the four weeks each of the player groups will again be subjected to the last-
mentioned tests at the exact same time of day so as to minimize the effects of circadian
variations on the different metabolic responses. A week after the last post-test the second pre-
test will be conducted in exactly the same manner as explained above. The control group will,
however, be subjected to a 4-week combined resisted jump training and rugby conditioning
program while the experimental group will only perform the rugby conditioning program. The
post-test will again be performed four weeks after the treatment period.

v. Acute treatment — testing procedure:

The first visit to the sport science laboratory will be a habitation trial to familiarize the players
to the apparatus to be used and to practise the exercises on the Vertimax. On this visit, players
will also complete an informed consent form and a general information questionnaire regarding
their exercising habits, playing positions, best performances of the last two years and injury
incidence. Once they had completed the last-mentioned forms the exercises and research
project will be explained to each player. This will be followed by the execution of the different
exercises on the Vertimax. A week after the familiarization period the first testing day will
commence. At the start of the session the players will firstly be subjected to a thorough warm-
up of more or less 15 min that will consist of aerobic running exercises for more or less 8 min
after which a specific warm-up period of shorter, high intensity movements and dynamic
stretches will follow. Next, each player will be subjected to a test battery that will consist of the
PSLRT, MTQT, VJT, speed and acceleration test, the IART and the SMST. Ten minutes after
completion of the test battery the experimental group will be subjected to the resisted jump
training session that will consist of three exercises (¥ stick jump, lunge jump and drop jump)
that will be executed at a resistance of level 3 for each of the cords that will be attached to the
waist belt of each player. Players will perform three sets of six repetitions for each of the
exercises and sets. The control group will receive passive rest (sit on chair) during the time
period that the experimental group perform the resisted jump training session. Directly after the
training session each of the players will again complete the test battery. The identical testing
protocol will then be repeated 48 hours later, at the exact same time of day, so as to minimize
the effects of circadian variations and different metabolic responses. The control group will
then be subjected to the resisted jump training session while the experimental group will
undergo the passive rest period.

9. Description of the nature of discomfort or hazards of probable permanent consequences
for the subjects which may be associated with the project:
(Including possible side-effects of and interactions between drugs or radio-active isotopes
which may be used.)
The subjects may experience a bit of muscle discomfort and nausea.

10. Precautions taken to protect the subjects:
The players will perform a proper warm-up before the physical and motor ability tests
commence and the testing procedures and methods will be thoroughly explained to each of the
players.

11. Description of the benefits which may be expected from this project:

The results should provide coaches, sport scientists and other sport-related professionals with
information regarding the effectiveness of a four-week combined sport-specific and resisted
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jump program as well as an acute resisted jump training session for improving rugby players’

physical, motor ability and anthropometric profile.

12. Alternative procedures which may be beneficial to the subjects:

(Complete only if applicable.)

Training on the Vertimax-apparatus should benefit players more with regard to their physical
and motor ability components compared to non-Vertimax training.

SIGNATUIE: ... Date: 02/05/2011

Project leader

PART 2

To the subject signing the consent as in part 3 of this document:

You are invited to participate in a research project as described in paragraph 2 of Part 1 of this
document. It is important that you read/listen to and understand the following general principles,
which apply to all participants in this research project:

1.
2.

3.

Participation in this project is voluntary.

It is possible that you personally will not derive any benefit from participation in this project,
although the knowledge obtained from the results may be beneficial to other people.

You will be free to withdraw from the project at any stage without having to explain the
reasons for your withdrawal. However, we would like to request that you would rather not
withdraw without a thorough consideration of your decision, since it may have an effect on the
statistical reliability of the results of the project.

The nature of the project, possible risk factors, factors which may cause discomfort, the
expected benefits to the subjects and the known and the most probable, permanent
consequences which may follow from your participation in this project, are discussed in Part 1
of this document.

We encourage you to ask questions at any stage about the project and procedures to the project
leader or the personnel, who will readily give more information. They will discuss all
procedures with you.

If you are a minor, we need the written approval of your parent or guardian before you may
participate.

We require that you indemnify the University from any liability due to detrimental effects of
treatment by University staff or students or other subjects to yourself or anybody else. We also
require indemnity from liability of the University regarding any treatment to yourself or
another person due to participation in this project, as explained in Part 1. Lastly it is required to
abandon any claim against the University regarding treatment of yourself or another person
due to participation in this project as described in Part 1.

PART 3
Consent
Title of the project: The effects of a combined resisted jump training and rugby-conditioning
program on selected physical, motor ability and anthropometric components of rugby players.
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I, the UNAersigned .......ccooiiiioi it e e e e e e e e (Full names)
read/listened to the information on the project in PART 1 and PART 2 of this document and |
declare that | understand the information. | had the opportunity to discuss aspects of the project
with the project leader and | declare that | participate in the project as a volunteer. | hereby give
my consent to be a subject in this project.

I indemnify the University, also any employee or student of the University, of any liability against
myself, which may arise during the course of the project.

I will not submit any claims against the University regarding personal detrimental effects due to
the project, due to negligence by the University, its employees or students, or any other subjects.

(Signature of the subject)

SIgned at ....ccooeeeiiee e 0] o
Witnesses

L ——————

2 e ————————

Signed at ....cccvececieeee e 0] 0

For non-therapeutic experimenting with subjects under the age of 18 years the written approval of
a parent or guardian is required.

Ly e e e s e (FULLNAMES)
Parent or guardian of the subject named above, hereby give my permission that he/she may
participate in this project and | also indemnify the University and any employee or student of the
University, against any liability which may arise during the course of the project.

SIGNALUIE: e Date: .o

Relationship: .......coooviiiii .
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&

NORTH-WEST UNIVERSITY
YUNIBESITI YA BOKONE-BOPHIRIMA
NOORDWES-UNIVERSITEIT

POTCHEFSTROOMKAMPUS

Test Protocol to determine the effects of more long-term Vertimax-training

RAW DATA FOR THE LONG-TERM VERTIMAX PROJECT

NAME OF PLAYER:

TEST COMPONENT

15T READING

2"° READING

MEAN

BODY MASS (KG)

BODY STATURE (CM)

TEST COMPONENT

15T READING

2"° READING

MEAN

R:

BICEPS SKINFOLD (MM)

R:

TRICEPS SKINFOLD (MM)

R:

SUBSCAPULAR SKINFOLD (MM)

R:

SUPRASPINALE SKINFOLD (MM)

ABDOMINAL SKINFOLD (MM)

R:

FRONT THIGH SKINFOLD (MM)

R:

MEDIAL CALF SKINFOLD (MM)

TEST COMPONENT

15T READING

2"° READING

MEAN

: HUMERUS BREADTH (CM)

: WRIST BREADTH (CM)

: FEMUR BREADTH (CM)

|0 |0 |0

: ANKLE BREADTH (CM)

TEST COMPONENT

15T READING

2"° READING

MEAN

R: RELAXED ARM GIRTH (CM)

R: FLEXED ARM GIRTH (CM)

TEST COMPONENT

15T READING

2"° READING

MEAN

: MID THIGH GIRTH (CM)

: MAXIMUM CALF GIRTH (CM)

: FOREARM GIRTH (CM)
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TEST COMPONENT

15T READING

2"° READING

BEST

L: PASSIVE KNEE EXTENSION TEST (°)

R: PASSIVE KNEE EXTENSION TEST (°)

L: ACTIVE KNEE EXTENSION TEST (°)

R: ACTIVE KNEE EXTENSION TEST (°)

L: MODIFIED THOMAS QUADS TEST (°)

R: MODIFIED THOMAS QUADS TEST (°)

TEST COMPONENT

15T TIME

VERTEX POLE HEIGHT — REACHING (CM)

VERTICAL JUMP REACHING HEIGHT (CM)

FINAL VERTICAL JUMP HEIGHT A-B (CM)

VERTEX POLE HEIGHT - JUMPING (CM)

TEST COMPONENT

15T READING

2P READING

HIGHEST

VERTICAL JUMP HEIGHT (CM)

TENDO PEAK POWER (W)

TENDO SPEED (M/SEC)

TEST COMPONENT

15T READING

2P READING

LOWEST

5M SPEED (SEC)

10M SPEED (SEC)

20M SPEED (SEC)

TEST COMPONENT

15T READING

2P READING

HIGHEST

ILLINOIS AGILITY RUN TEST (SEC)

TEST COMPONENT

15T TIME

6RM SMITH MACHINE SQUAT TEST (KG)
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APPENDIX B

GENERAL
INFORMATION
QUESTIONNAIRE,
INFORMED CONSENT
AND RAW DATA FOR
THE ACUTE VERTIMAX
PROJECT
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NOORDWES-UNIVERSITEIT
POTCHEFSTROOMKAMPUS

General Information Questionnaire, Informed Consent and Test Protocol to
determine the acute effects of Vertimax-training

GENERAL INFORMATION
Please write clearly!
1. GEOGRAPHICAL INFORMATION

NORTH-WEST UNIVERSITY
YUNIBESITI YA BOKONE-BOPHIRIMA

1.1 Surname: Initials First Name
1.2 Age:
Years: Months:

1.3 Birth date:

Year: Month: Day:

1.4 Permanent residential address in South Africa:

1.5 Permanent postal address in South Africa:
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1.6 Phone numbers:
Home: Work:
Fax: Cell:
E-mail:
1.7 Ethnic group
White Coloured Black Indian
In the next few question cross out the answers that are applicable to you!!
2. INFORMATION REGARDING TRAINING HABITS
2.1 Years you’ve been playing rugby - since you started to specialise in rugby.
1-2 years 3-4 years 5-6 years 7-8 years 8-9 years 10-11 years | 12 or more
2.2 Frequency of training - how many days per week do you normally train?
1 day 2 days 3 days 4 days 5 days 6 days 7 days
2.3 Frequency of training - how many days per week do you normally do weight training?
1 day 2 days 3 days 4 days 5 days 6 days 7 days
2.4 Frequency of training - how many days per week do you normally have field sessions?
1 day 2 days 3 days 4 days 5 days 6 days 7 days
2.5 How many hours per day do you normally train?
1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more
2.6 How many hours per day do you normally spend on weight training?
1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more
2.7 How many hours per day do you normally spend on training on the field?
1 hour 2 hours 3 hours 4 hours 5 hours 6 hours 7 or more

2.8 Do you spend any time on psychological preparation for rugby and competitions?

| Never

| *Sometimes

| *Often

| *Always
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* Please specify the type of psychological preparation you do if you marked any of these
three options:

3. MEDICAL INFORMATION

3.1 Please describe any past or current musculoskeletal conditions you have incurred (i.e.,
muscle pulls, sprains, fractures, surgery, back pain, or any general discomfort):

Head/Neck:

Shoulder/Clavicle:

Back:
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Hip/Pelvis:

Thigh/Knee:

Lower leg/Ankle/Foot:

3.2 Please list any medication being taken currently and/or taken during the last year:

3.3 List any other illness or disorder that a physician has told you of:
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4. COMPETITION DATA
4.1 At what level are you competing this year?

4.2 What is the highest level that you competed at last year?

Club: Provincial:

National:

International:

4.3 How many matches, approximately, have you played?

| Club:

| Provincial/National:

4.4 What were the highest achievements you attained the past two years?

Achievement

Competition

Date

4.5 What position/s do you usually play during matches?

1.

2.

3.
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NOORDWES-UNIVERSITEIT
POTCHEFSTROOMKAMPUS

NORTH-WEST UNIVERSITY
YUNIBESITI YA BOKONE-BOPHIRIMA

CONFIDENTIAL

Informed consent form
PART 1

1.

b)

School/lInstitute:
School for Biokinetics, Recreation and Sport Science

Title of project/trial:
The acute effects of a resisted jump training session on selected physical and motor ability
components of university-level rugby players.

Full names, surname and qualifications of project leader:
Ben Coetzee, B.Sc., B.Sc. (Hons), M.Sc. and Ph.D

Rank/position of supervisor:
(Professor, Lecturer, Research scientist etc.)
Senior Lecturer

Full names, surname and qualifications of supervisor of the project:
(Complete only if not the same person named in 4.)
Same as above.

Name and address of supervising medical officer (if applicable):
Not applicable

Aims of this project

The aim of this project is:

To determine the significant acute effects of a resisted jump training session on selected
physical and motor ability components of university-level rugby players.

Explanation of the nature of all procedures, including identification of new procedures:
Collection procedures and selection of rugby players.

The subjects will consist of two groups of rugby players. Thirty u/19 and PUK1 rugby players
of the North-West University in Potchefstroom (South Africa) will be randomly selected. The
thirty players will in turn also be randomly divided into two groups of fifteen players each.
One group will form the experimental group and the other the control group. After the
treatment period, a crossover design will be implemented by subjecting the control group to the
treatment and allowing the initial experimental group to form the control group.

Procedures

Demographic and general information questionnaire:

The players’ demographic and personal information will be collected by means of a
demographic and general information questionnaire. The players’ ages, exercising habits,
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injury incidence and competing levels will be obtained by means of this questionnaire.
Anthropometric data will be collected by taking a few body measurements and the physical
and motor ability performance data by means of a test battery.

Anthropometric measurements and components:

The following anthropometric components will be determined in accordance with the methods
of Marfell-Jones et al. (2006). Body composition, fat mass and skeletal mass will be analyze
in this section: Body stature and body mass.

Physical and motor ability components:

The players will be subjected to a test battery for the measurement of lower body flexibility
(The Passive-straight-leg-raise- (PSLRT) and The Modified Thomas Quadriceps Test
(MTQT), lower body explosive power output (vertical jump test (VJT)), speed and
acceleration (20m-speed test), agility (lllinois Agility Run Test (IART) and leg strength (6RM
(repetition maximum) Smith Machine Squat Test (SMST)).

. Acute treatment — testing procedure:

The first visit to the sport science laboratory will be a habitation trial to familiarize the players
to the apparatus to be used and to practise the exercises on the Vertimax. On this visit, players
will also complete an informed consent form and a general information questionnaire regarding
their exercising habits, playing positions, best performances of the last two years and injury
incidence. Once they had completed the last-mentioned forms the exercises and research
project will be explained to each player. This will be followed by the execution of the different
exercises on the Vertimax. A week after the familiarization period the first testing day will
commence. At the start of the session the players will firstly be subjected to a thorough warm-
up of more or less 8 min that will consist of aerobic running exercises for more or less 3 min
after which a specific warm-up period of shorter, high intensity movements and dynamic
stretches will follow. Next, each player’s body mass and stature will be taken, after which each
player will be subjected to a test battery that will consist of the PSLRT, MTQT, VJT, speed
and acceleration test, the IART and the SMST. Five minutes after completion of the test battery
the experimental group will be subjected to the resisted jump training session that will consist
of three exercises (¥ stick jump, lunge jump and drop jump) that will be executed at a
resistance of level 3 for each of the cords that will be attached to the waist belt of each player.
Players will perform three sets of six repetitions for each of the exercises and sets. The control
group will do the same exercises on the ground without being connected to the Vertimax
during the time period that the experimental group perform the resisted jump training session.
Directly after the training session each of the players will again complete the test battery. The
identical testing protocol will then be repeated a week later, at the exact same time of day, so as
to minimize the effects of circadian variations and different metabolic responses. The control
group will then be subjected to the resisted jump training session while the experimental group
will undergo the normal jump training period. Description of the nature of discomfort or
hazards of probable permanent consequences for the subjects which may be associated
with the project:

(Including possible side-effects of and interactions between drugs or radio-active isotopes
which may be used.)

The subjects may experience a bit of muscle discomfort and nausea.
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9. Precautions taken to protect the subjects:
The players will perform a proper warm-up before the physical and motor performance tests
commence and the testing procedures and methods will be thoroughly explained to each of the
players.

10. Description of the benefits which may be expected from this project:
The results should provide coaches, sport scientists and other sport-related professionals with
information regarding the acute benefits of a resisted jump training session for improving
rugby players’ physical, motor ability and anthropometric profile.

11. Alternative procedures which may be beneficial to the subjects:
(Complete only if applicable.)
Training on the Vertimax-apparatus should benefit players more with regard to their physical
and motor performance components compared to non-Vertimax training.

SIgNATUIE: ..o Date: 26/07/2012
Project leader

PART 2

To the subject signing the consent as in part 3 of this document:

You are invited to participate in a research project as described in paragraph 2 of Part 1 of this

document. It is important that you read/listen to and understand the following general principles,

which apply to all participants in this research project:

1. Participation in this project is voluntary.

2. It is possible that you personally will not derive any benefit from participation in this project,
although the knowledge obtained from the results may be beneficial to other people.

3. You will be free to withdraw from the project at any stage without having to explain the
reasons for your withdrawal. However, we would like to request that you would rather not
withdraw without a thorough consideration of your decision, since it may have an effect on the
statistical reliability of the results of the project.

4. The nature of the project, possible risk factors, factors which may cause discomfort, the
expected benefits to the subjects and the known and the most probable, permanent
consequences which may follow from your participation in this project, are discussed in Part 1
of this document.

5. We encourage you to ask questions at any stage about the project and procedures to the project
leader or the personnel, who will readily give more information. They will discuss all
procedures with you.

6. If you are a minor, we need the written approval of your parent or guardian before you may
participate.

7. We require that you indemnify the University from any liability due to detrimental effects of
treatment by University staff or students or other subjects to yourself or anybody else. We also
require indemnity from liability of the University regarding any treatment to yourself or
another person due to participation in this project, as explained in Part 1. Lastly it is required to
abandon any claim against the University regarding treatment of yourself or another person due
to participation in this project as described in Part 1.
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PART 3
Consent
Title of the project: The effects of a combined resisted jump training and rugby-conditioning
program on selected physical, motor ability and anthropometric components of rugby players.

I, the UNAersigned .......coooiiior it e e e e e e e e e e (Full names)
read/listened to the information on the project in PART 1 and PART 2 of this document and |
declare that | understand the information. | had the opportunity to discuss aspects of the project
with the project leader and | declare that | participate in the project as a volunteer. | hereby give
my consent to be a subject in this project.

I indemnify the University, also any employee or student of the University, of any liability against
myself, which may arise during the course of the project.

I will not submit any claims against the University regarding personal detrimental effects due to
the project, due to negligence by the University, its employees or students, or any other subjects.

(Signature of the subject)

Signed at ....cccveveiieeeee e 0] 0
Witnesses

L s

2 s

Signed at ....ccccvevevieeeec e 0] 0

For non-therapeutic experimenting with subjects under the age of 18 years the written approval of
a parent or guardian is required.

Ly e s e (FULENAMES)
Parent or guardian of the subject named above, hereby give my permission that he/she may
participate in this project and | also indemnify the University and any employee or student of the
University, against any liability which may arise during the course of the project.

SIGNALUIE. e Date: .o

Relationship: ..o,
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&

NORTH-WEST UNIVERSITY
YUNIBESITI YA BOKONE-BOPHIRIMA
NOORDWES-UNIVERSITEIT

POTCHEFSTROOMKAMPUS

Test Protocol to determine the effects of acute Vertimax-training

RAW DATA FOR THE ACUTE VERTIMAX-PROJECT

NAME OF PLAYER:

TEST COMPONENT

15T READING

2"° READING

MEAN

BODY MASS (KG)

BODY STATURE (CM)

TEST COMPONENT

15T READING

2\° READING

BEST

L: PASSIVE KNEE EXTENSION TEST (°)

R: PASSIVE KNEE EXTENSION TEST (°)

L: ACTIVE KNEE EXTENSION TEST (°)

R: ACTIVE KNEE EXTENSION TEST (°)

L: MODIFIED THOMAS QUADS TEST (°)

R: MODIFIED THOMAS QUADS TEST (°)

TEST COMPONENT

15T TIME

VERTEX POLE HEIGHT — REACHING (CM)

VERTICAL JUMP REACHING HEIGHT (CM)

FINAL VERTICAL JUMP HEIGHT A-B (CM)

VERTEX POLE HEIGHT - JUMPING (CM)

TEST COMPONENT

15T READING

2P READING

HIGHEST

VERTICAL JUMP HEIGHT (CM)

TENDO PEAK POWER (W)

TENDO SPEED (M/SEC)

TEST COMPONENT

15T READING

2P READING

LOWEST

5M SPEED (SEC)

10M SPEED (SEC)

20M SPEED (SEC)

TEST COMPONENT

15T READING

2P READING

HIGHEST

ILLINOIS AGILITY RUN TEST (SEC)

TEST COMPONENT

15T TIME

6RM SMITH MACHINE SQUAT TEST (KG)
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ARTICLE ONE

Journal of Strength & Conditioning Research
Online Submission and Review System

The Journal of Strength and Conditioning Research (JSCR) is the official research journal of the
National Strength and Conditioning Association (NSCA). The JSCR is now published monthly.
Membership in the NSCA is not a requirement for publication in the journal. JSCR publishes
original investigations, reviews, symposia, research notes, and technical and methodological
reports contributing to the knowledge about strength and conditioning in sport and exercise. All
manuscripts must be original works and present practical applications to the strength and
conditioning professional or provide the basis for further applied research in the area. Manuscripts
are subjected to a “*double blind’’ peer review by at least two reviewers who are experts in the
field. Editorial decisions will be based on the quality, clarity, style, and importance of the
submission relative to the goals and objectives of the NSCA and the journal. Tips for writing a
manuscript for the JSCR can be found at http://www.nsca-lift.org/publications/JSCRtips.shtml.
Please read this document carefully prior to preparation of a manuscript. Manuscripts can be
rejected on impact alone as it relates to how the findings impact evidence based practice for
strength and conditioning professionals, end users, and clinicians. Thus, it is important authors
realize this when submitting manuscripts to the journal.

The JSCR will now administratively REJECT a paper before review if it is deemed to have very
low impact on practice, poor experimental design, and/or poorly written. Additionally, upon any
revision the manuscript can be REJECTED if experimental issues and impact are not adequately
addressed. The formatting of the paper is also of importance and manuscripts will be sent back if
not PROPERLY formatted.

EDITORIAL MISSION STATEMENT

The editorial mission of the JSCR, formerly the Journal of Applied Sport Science Research
(JASSR), is to advance the knowledge about strength and conditioning through research. Since
1978 the NSCA has attempted to “*bridge the gap’” from the scientific laboratory to the field
practitioner. A unique aspect of this journal is the inclusion of recommendations for the practical
use of research findings. While the journal name identifies strength and conditioning as separate
entities, strength is considered a part of conditioning. This journal wishes to promote the
publication of peer-reviewed manuscripts that add to our understanding of conditioning and sport
through applied exercise and sport science. The conditioning process and proper exercise
prescription impact a wide range of populations from children to older adults, from youth sport to
professional athletes. Understanding the conditioning process and how other practices such as such
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as nutrition, technology, exercise techniques, and biomechanics support it is important for the
practitioner to know.

Original Research

JSCR publishes research on the effects of training program on physical performance and function
to the underlying biological basis for exercise performance as well as research from a number of
disciplines attempting to gain insights about sport, sport demands, sport profiles, conditioning, and
exercise such as biomechanics, exercise physiology, motor learning, nutrition, and psychology. A
primary goal of JSCR is to provide an improved scientific basis for conditioning practices.

Article Types

JSCR publishes symposia, brief reviews, technical reports and research notes that are related to the
journal’s mission. A symposium is a group of articles by different authors that address an issue
from various perspectives. The brief reviews should provide a critical examination of the literature
and integrate the results of previous research in an attempt to educate the reader as to the basic and
applied aspects of the topic. We are especially interested in applied aspects of the reviewed
literature. In addition, the author(s) should have experience and research background in the topic
area they are writing about in order to claim expertise in this area of study and give credibility to
their recommendations.

The JSCR strongly encourages the submission of manuscripts detailing methodologies that help to
advance the study of strength and conditioning.

Manuscript Clarifications

Manuscript Clarifications will be considered and will be published online if accepted. Not all
requests for manuscript clarifications will be published due to costs or content importance. Each
will be reviewed by a specific sub-committee of Associate Editors to determine if it merits
publication. A written review with needed revisions will be provided if it merits consideration.
Clarifications questions are limited to 400 words and should only pose professional questions to
the authors and not editorial comments (as of 19.2). If accepted, a copy will be sent to the author
of the original article with an invitation to submit answers to the questions in the same manner
again with a 400 word limit.

Submissions should be sent to the JSCR Editorial Office via email: jscr@uconn.edu. Editorial
Office William J. Kraemer, PhD, FNSCA, CSCS Editor-In-Chief, Journal of Strength and
Conditioning Research Department of Kinesiology, Unit 1110 2095 Hillside Road, Gampel
Pavilion The University of Connecticut Storrs, CT 06269-1110 Phone: (860) 486-6814 FAX:
(860) 486-1123

Journal Email Address: jscr@uconn.edu

Editor-In-Chief Email: william.kraemer@uconn.edu
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MANUSCRIPT SUBMISSION GUIDELINES

Manuscripts may be submitted on-line at http://www.editorialmanager.com/JSCR or by email
following the instructions below. When submitting by email, only one copy is required of each
document including a copyright form.

1. If by email, authors should submit a MicrosoftWord (.doc) file.

2. A cover letter must accompany the manuscript and state the following: ““This manuscript is
original and not previously published, nor is it being considered elsewhere until a decision is made
as to its acceptability by the JSCR Editorial Review Board.”” Please include the corresponding
author’s full contact information, including address, email, and phone number.

3. All authors should be aware of the publication and be able to defend the paper and its findings
and should have signed off on the final version that is submitted. For additional details related to
authorship, see “‘Uniform Requirements for Manuscripts Submitted to Biomedical Journals’” at
http://www.icmje.org/.

4. The NSCA and the Editorial Board of the JSCR have endorsed the American College of Sports
Medicine’s policies with regards to animal and human experimentation. Their guidelines can be
found online at http://www.editorialmanager.com/msse/. Please read these policies carefully. Each
manuscript must show that they have had Institutional Board approval for their research and
appropriate consent has been obtained pursuant to law. All manuscripts must have this clearly
stated in the methods section of the paper or the manuscript will not be considered for publication.

5. All manuscripts must be double-spaced with an additional space between paragraphs. The paper
should include a minimum of 1-inch margins and page numbers in the upper right corner next to
the running head. Authors must use terminology based upon the International System of Units
(S1). A full list of SI units can be accessed online at http://physics.nist.gov/.

6. The JSCR endorses the same policies as the American College of Sports Medicine in that the
language is English for the publication. **Authors who speak English as a second language are
encouraged to seek the assistance of a colleague experienced in writing for English language
journals. Authors are encouraged to use nonsexist language as defined in the American
Psychologist 30:682- 684, 1975, and to be sensitive to the semantic description of persons with
chronic diseases and disabilities, as outlined in an editorial in Medicine & Science in Sports &
Exercise_, 23(11), 1991. As a general rule, only standardized abbreviations and symbols should be
used. If unfamiliar abbreviations are employed, they should be defined when they first appear in
the text. Authors should follow Webster’s Tenth Collegiate Dictionary for spelling, compounding,
and division of words. Trademark names should be capitalized and the spelling verified. Chemical
or generic names should precede the trade name or abbreviation of a drug the first time it is used in
the text.””

7. There is no word limitation but authors are instructed to be concise and accurate in their
presentation and length will be evaluated by the Editor and reviewers for appropriateness.
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MANUSCRIPT PREPARATION
1. Title Page

The title page should include the manuscript title, brief running head, laboratory(s) where the
research was conducted, authors’ full name(s) spelled out with middle initials, department(s),
institution(s), full mailing address of corresponding author including telephone and fax numbers,
and email address, and disclosure of funding received for this work from any of the following
organizations: National Institutes of Health (NIH); Wellcome Trust; Howard Hughes Medical
Institute (HHMI); and other(s).

2. Blind Title Page

A second title page should be included that contains only the manuscript title. This will be used to
send to the reviewers in our double blind process of review. Do not place identifying information
in the Acknowledgement portion of the paper or anywhere else in the manuscript.

3. Abstract and Key Words

On a separate sheet of paper, the manuscript must have an abstract with a limit of 250 words
followed by 3 — 6 key words not used in the title. The abstract should have sentences (no headings)
related to the purpose of the study, brief methods, results, conclusions and practical applications.

4. Text
The text must contain the following sections with titles in ALL CAPS in this exact order:

A. Introduction. This section is a careful development of the hypotheses of the study leading to the
purpose of the investigation. In most cases use no subheadings in this section and try to limit it to 4
— 6 concisely written paragraphs.

B. Methods. Within the METHODS section, the following subheadings are required in the
following order: “*Experimental Approach to the Problem,”” where the author(s) show how their
study design will be able to test the hypotheses developed in the introduction and give some basic
rationales for the choices made for the independent and dependent variables used in the study;
“‘Subjects,”” where the authors include the Institutional Review Board or Ethics Committee
approval of their project and appropriate informed consent has been gained. All subject
characteristics that are not dependent variables of the study should be included in this section and
not in the RESULTS; “‘Procedures,”” in this section the methods used are presented with the
concept of ““replication of the study’” kept in mind. “*Statistical

Analyses,”” here is where you clearly state your statistical approach to the analysis of the data
set(s). It is important that you include your alpha level for significance (e.g., P # 0.05). Please
place your statistical power in the manuscript for the n size used and reliability of the dependent
measures with intra-class correlations (ICC Rs). Additional subheadings can be used but should be
limited.
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C. Results. Present the results of your study in this section. Put the most important findings in
Figure or Table format and less important findings in the text.Do not include data that is not part of
the experimental design or that has been published before.

D. Discussion. Discuss the meaning of the results of your study in this section. Relate them to the
literature that currently exists and make sure you bring the paper to completion with each of your
hypotheses. Limit obvious statements like, ‘“more research is needed.”’

E. Practical Applications. In this section, tell the “*coach’” or practitioner how your data can be
applied and used. It is the distinctive characteristic of the JSCR and supports the mission of
“‘Bridging the Gap’’ for the NSCA between the laboratory and the field practitioner.

5. References

All references must be alphabetized by surname of first author and numbered. References are cited
in the text by numbers [e.g., (4,9)]. All references listed must be cited in the manuscript and
referred to by number therein. For original investigations, please limit the number of references to
fewer than 45 or explain why more are necessary. The Editorial Office reserves the right to ask
authors to reduce the number of references in the manuscript. Please check references carefully for
accuracy. Changes to references at the proof stage, especially changes affecting the numerical
order in which they appear, will result in author revision fees. End Note Users: The Journal of
Strength & Conditioning Research reference style ftp://support.isiresearchsoft.com/
pub/pc/styles/endnote4/J Strength Condition Res.ens. may be downloaded for use in the End Note
application:ftp://support.isiresearchsoft.com/pub/pc/styles/endnote4/J%20Strength%20Condition
%Z20Res.ens.

Below are several examples of references:
Journal Article

Hartung, GH, Blancg, RJ, Lally, DA, and Krock, LP. Estimation of aerobic capacity from
submaximal cycle ergometry in women. Med Sci Sports Exerc 27: 452—-457, 1995.

Book

Lohman, TG. Advances in Body Composition Assessment. Champaign, IL: Human Kinetics,
1992.

Chapter in an edited book

Yahara, ML. The shoulder. In: Clinical Orthopedic Physical Therapy. J.K. Richardson and Z.A.
Iglarsh, eds. Philadelphia: Saunders, 1994. pp. 159-1909.

Software

Howard, A. Moments Y2software_. University of Queensland, 1992.
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Proceedings

Viru, A, Viru, M, Harris, R, Oopik, V, Nurmekivi, A, Medijainen, L, and Timpmann, S.
Performance capacity in middle-distance runners after enrichment of diet by creatine and

creatine action on protein synthesis rate. In: Proceedings of the 2nd Maccabiah-Wingate
International Congress of Sport and Coaching Sciences. G. Tenenbaum and T. Raz-Liebermann,
eds. Netanya, Israel, Wingate Institute, 1993. pp. 22-30.

Dissertation/Thesis
Bartholmew, SA. Plyometric and vertical jump training.Master’s thesis, University of North
Carolina, Chapel Hill, 1985.

6. Acknowledgments

In this section you can place the information related to Identification of funding sources; Current
contact information of corresponding author; and gratitude to other people involved with the
conduct of the experiment. In this part of the paper the conflict of interest information must be
included. In particular, authors should: 1) Disclose professional relationships with companies or
manufacturers who will benefit from the results of the present study, 2) Cite the specific grant
support for the study and 3) State that the results of the present study do not constitute
endorsement of the product by the authors or the NSCA. Failure to disclose such information
could result in the rejection of the submitted manuscript.

7. Figures

Figure legends should appear on a separate page, with each figure appearing on its own separate
page. One set of figures should accompany each manuscript. Use only clearly delineated symbols
and bars. Please do not mask the facial features of subjects in figures. Permission of the subject to
use his/her likeness in the Journal should be included in each submission.

Electronic photographs copied and pasted into Word and PowerPoint will not be accepted. Images
should be scanned at a minimum of 300 pixels per inch (ppi). Line art should be scanned at 1200
ppi. Please indicate the file format of the graphics.We accept TIFF or EPS format for both
Macintosh and PC platforms.We also accept image files in the following Native Application File
Formats:

_ Adobe Photoshop (.psd)_ Hllustrator (.ai) _ PowerPoint (.ppt) _ QuarkXPress (.qxd)

If you will be using a digital camera to capture images for print production, you must use the
highest resolution setting option with the least amount of compression. Digital camera
manufacturers use many different terms and file formats when capturing high-resolution images,
so please refer to your camera’s manual for more information.

Placement:. Make sure that you have cited each figure and table in the text of the manuscript.

Also show where it is to be place by noting this between paragraphs, such as Figure 1 about here
or Table 1 about here.
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Color figures:. The author may elect to cover the costs of color at the rate of $500 for the first
figure within the article, $100 for each additional single-image figure within the same article, or
$200 for each additional figure with more than one part (labeled “‘a,”” “‘b,”” etc.). If the author
decides not to pay for color reproduction, they can request that the figures be converted to black
and white at no charge.

8. Tables

Tables must be double-spaced on separate sheets and include a brief title. Provide generous
spacing within tables and use as few line rules as possible. When tables are necessary, the
information should not duplicate data in the text. All figures and tables must include standard
deviations or standard errors.

9. Supplemental Digital Content (SDC)

Authors may submit SDC via Editorial Manager to LWW journals that enhance their article’s text
to be considered for online posting. SDC may include standard media such as text documents,
graphs, audio, video, etc. On the Attach Files page of the submission process, please select
Supplemental Audio, Video, or Data for your uploaded file as the Submission Item. If an article
with SDC is accepted, our production staff will create a URL with the SDC file. The URLwill be
placed in the call-out within the article. SDC files are not copy-edited by LWW staff, they will be
presented digitally as submitted. For a list of all available file types and detailed instructions,
please visit http://links.lww.com/A142.

SDC Call-outs

Supplemental Digital Content must be cited consecutively in the text of the submitted manuscript.
Citations should include the type of material submitted (Audio, Figure, Table, etc.), be clearly
labeled as “‘Supplemental Digital Content,”” include the sequential list number, and provide a
description of the supplemental content. All descriptive text should be included in the call-out as it
will not appear elsewhere in the article.

Example:

We performed many tests on the degrees of flexibility in the elbow (see Video, Supplemental
Digital Content 1, which demonstrates elbow flexibility) and found our results inconclusive.

List of Supplemental Digital Content

A listing of Supplemental Digital Content must be submitted at the end of the manuscript file.
Include the SDC number and file type of the Supplemental Digital Content. This text will be
removed by our production staff and not be published.

Example:

Supplemental Digital Content 1. wmv
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SDC File Requirements

All acceptable file types are permissible up to 10 MBs. For audio or video files greater than 10
MBs, authors should first query the journal office for approval. For a list of all available file types
and detailed instructions, please visit http://links.lww.com/A142.

AUTHOR FEES

JSCR does not charge authors a manuscript submission fee or page charges. However, once a
manuscript is accepted for publication and sent in for typesetting, it is expected to be in its final
form.

COMPLIANCE WITH NIH AND OTHER RESEARCH FUNDING AGENCY
ACCESSIBILITY REQUIREMENTS

A number of research funding agencies now require or request authors to submit the post-print (the
article after peer review and acceptance but not the final published article) to a repository that is
accessible online by all without charge. As a service to our authors, LWW will identify to the
National Library of Medicine (NLM) articles that require deposit and will transmit the post-print
of an article based on research funded in whole or in part by the National Institutes of Health,
Welcome Trust, Howard Hughes Medical Institute, or other funding agencies to PubMed Central.
The revised Copyright Transfer Agreement provides the mechanism.

TERMINOLOGY AND UNITS OF MEASUREMENT

Per the JSCR Editorial Board and to promote consistency and clarity of communication among all
scientific journals authors should use standard terms generally acceptable to the field of exercise
science and sports science. Along with the American College of Sports Medicine’s Medicine and
Science in Sport and Exercise, the JSCR Editorial Board endorses the use of the following terms
and units.

The units of measurement shall be Syste'me International d’Unite” s (SI). Permitted exceptions to
Sl are heart rate—beats per min; blood pressure—mm Hg; gas pressure—mm Hg. Authors should
refer to the British Medical Journal (1:1334 — 1336, 1978) and the Annals of Internal Medicine
(106: 114 — 129, 1987) for the proper method to express other units or abbreviations. When
expressing units, please locate the multiplication symbol midway between lines to avoid confusion
with periods; e.g., mL_min-1_kg-1.

The basic and derived units most commonly used in reporting research in this Journal include the
following: mass—gram (g) or kilogram (kg); force—newton (N); distance—metre (m), kilometre
(km); temperature—degree Celsius (_C); energy, heat, work—joule (J) or kilojoule (kJ); power—
watt (W); torque—newton-metre (N_m); frequency— hertz (Hz); pressure—pascal (Pa); time—
second (s), minute (min), hour (h); volume—liter (L), milliliter (mL); and amount of a particular
substance—mole (mol), millimole (mmol).
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Selected conversion factors:

_ 1N =0.102 kg (force);
~1J=1N_m=0.000239 kcal =0.102 kg_m;
_1kJ=1000 N_m =0.239 kcal =102 kg_m;
_1W=1J s-1=6.118 kg_m_min-1.

When using nomenclature for muscle fiber types please use the following terms. Muscle fiber
types can be identified using histochemical or gel electrophoresis methods of classification.
Histochemical staining of the ATPases is used to separate fibers into type | (slow twitch), type lla
(fast twitch) and type Ilb (fast twitch) forms.Thework of Smerdu et. al (AJP 267:C1723, 1994)
indicates that type Ilb fibers contain type lIxmyosin heavy chain (gel electrophoresis fiber typing).
For the sake of continuity and to decrease confusion on this point it is recommended that authors
use l1x to designate what use to be called Ilb fibers. Smerdu, V, Karsch-Mizrachi, I, Campione, M,
Leinwand, L, and Schiaffino, S. Type lIx myosin heavy chain transcripts are expressed in type b
fibers of human skeletal muscle. Am J Physiol 267 (6 Pt 1): C1723-1728, 1994.

Permissions:

For permission and/or rights to use content for which the copyright holder is LWW or the society,
please go to the journal’s website and after clicking on the relevant article, click on the ‘“Request
Permissions’” link under the ““‘Article Tools’” box that appears on the right side of the page.
Alternatively, send an e-mail to customercare@copyright.com.

For Translation Rights & Licensing queries, contact Silvia Serra, Translations Rights, Licensing &
Permissions Manager, Wolters Kluwer Health (Medical Research) Ltd, 250 Waterloo Road,
London SE1 8RD, UK. Phone: +44 (0) 207 981 0600. E-mail: silvia.serra@wolterskluwer.com.

For Special Projects andReprints (U.S./Canada), contact Alan Moore, Director of Sales, Lippincott
Williams &Wilkins, Two Commerce Square, 2001 Market Street, Philadelphia, PA 19103. Phone:
215-521-8638. E-mail: alan.moore@wolterskluwer.com.

For Special Projects and Reprints (non-U.S./Canada), contact Silvia Serra, Translations Rights,
Licensing & Permissions Manager, Wolters Kluwer Health (Medical Research) Ltd, 250 Waterloo
Road, London SE1 8RD, UK. Phone: +44 (0) 207 981 0600. E-mail:
silvia.serra@wolterskluwer.com.

Copyright 2013, Lippincott Williams & Wilkins. A11 rights reserwved
Fublished by Lippincott ®illiams & ¥Wilkinz

Copyright/Disclaimer Notice ¢ Privacy Policy
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CHANGES IN SELECTED PHYsIicAL, MoTOR
PERFORMANCE AND ANTHROPOMETRIC COMPONENTS
oF UNIVERSITY-LEVEL RuGBY PLAYERS AFTER ONE
MicrocycLE oF A CoMBINED RuGBy CONDITIONING
AND PLYOMETRIC TRAINING PROGRAM

Croy PIENaak AND BEN COETZEE

Pilysical actdity, Short and Recraation Reearh Foow Awas, Faculty of Heolth Serences, Noeth-Iest Ubiversity, Pocfle o,

ABSTRACT

Penasr, G and Costms, B Changes in selecled physical, modor
pedamance and anthropometse componenis of univessty level
rugby players afier one micooycl of a combined rugby
cadibonng and pometrt tmnng pogram. J Srenglh Cond
Res 27(2): 308415, 2013 The puspose of this study was lo
defesnmne the eflects of amicmeycle [ wesks) comb ined ugby
eadibonng plyomedsc compared with a nonplyormetse agby
cadibonng peogram on seleced physcal and molor perfor-
ranoe companents and anthopometrc measyremens of un-
versitybevel rugby phyes Fayes (1884 = 040 years)
wiere assmgned to edher a control (v = 16) or experimental goup
[ro= 1) ko the LMD rugby teams of the North West Univer-
wity [South Alica). Tweniypsn dred and ndeed anhopometne
e summents were taken, and the players perlormed a baltery
of 5 physcal and molor pedosnance lests belos and afier
a miciocycle (4 week) combned ugby condiioning plyometnic
[emperimental geoup] and a nonplyometnc ughy condibonng
program (conird geoup). The dependent Fest resulls showed
that the conirol group’s upper-body explosive power dedrensed
mgreficanty, whenss the stdum, skeleal mass, and fermur
breadth noreased spnificantly from pee- 1o postiesting. The
expedmental goup showed sipnificant neeases N owst
brendth, speed over 200 m, agility, and power and wiork measune
ments of the Wingale anaembic test WANT). Despie thess
results, the ndepemdent Hesl revealed thal speed ower 20 m,
vempe power oulpad sl 20 seconds, relatve wodk of the WAaT,
and agilly were the anly components of the espermental goup
that improved significantly more than the contmol group. A miceo-
eycle combned rughy condiboring plyomere peogram thes-

Address conrespondence i Ben Costoes, han onstoes i aemg

e e T L
Joernd and andiveing Rewand
& 200 Narweal Streapth and Condiveamng A& sowtim

398 [dimal of Srengh and Conditioning Rescardh

o Bads o sguhicanty boger changes in sdeded physical
and rmolor pedosnance components of unvesiydevel rugby
pliyers than a nonplyometsc rughy condiioning program alone
Based on these findngs, coaches and sporl scenists should
inplanent 3 weekly combned rugly condiiming phomelnc
peograms n mughy playes” tmining regimens o mmprove the
pluyers’ speed, agiity, and power.

Err Womns eplosve power agilty, speed bedy
composibon, WanT

InTRODUCTION
lyometncs s a specalized high-intensity training
techmique that enables an athlete’s muscles to
deliver a8 much strength as possible in the
shorest period or power development 1o take
place (9,13.50). Based on this, it is apparent why phromet-
¢ tramning is regarded as a useRi] traming (ool br ahletes
who participate in dynamic explosve types ofsports (52)
Besearch ako seems to mdicate that team sports such as
soccer, baseball basketball and volleyball (8.35.53.55)
will benefit from phrometric traming. Despite the power
requirements of rughy union, no studies to date have
made an attempt 1o determine the possible benefits of
a eombined rughy conditioning and plyometne traning
program on the phyaical and motor performance campo-
nents of rugby undon plavers. It & ako undear whether
phyometric tramning will benefit rughy playvers’ anthropom-

etry in general
Rughy players need a higher degree of power in the
ececution of tackles, in acceleration Fom a satic podtion
and  during rucking and meuling when  serumm ing
and foreeful play take place (17). Line out jumping, break-
ingr through tackles, and fast and effective changres in run-
ning direction (agility) when attacking wil also reguire
from plavers to develop ther muscle power output

optimally (31).
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Despite reports that plometric trainng does luve
a gnficant positive effect on the physical and motor
performance components such o agility, speed, the explo-
sve and anaerobic power output of team sport players, few
researchens have nvesigated the efects of a combined
sport-specilic and plyometdc traning progam on the
dilferent components of team sport plaves. Dodd and
Alvar (14) reported greater incresses in the vertical jump
performance of bateball plivers when combaning heavy re-
sstance and phrometrc trainng programs, over 12 weeks,
than when doing ather only henwvy medstance traming or
plrometric training alone Manques et al. (35) found that
commbindngr regrular volleyball traning with phrometre train-
ingr led to increased perfbrmances in maximal strengih and
i medicine ball trow and coumlermovemanl jump beli
Similar fndings were reported by Martel et al (36) who
found that oo mbining plyometric traning with a traditional
volleyball traming program led to sgnficamly biggper
mcreanes in vertical jump height compared with volleybal
traindng alone. In contrast to the previously mentioned
studies, Ronmestad et al (53) implemented a T-week phyo-
medric program in additon to regular soocer and resistance
trainingr and found mo additional benefits by inchd g pheo-

Despite the fact that body size and composition (an-
thropometry) play an impo rant mole in the performances of
rughy pliyvers and determine playing position (5,16), no
dudies could be traced in which the anthropometric
changres of team sport playens becase of a plyomeiric
traindng prosgoram bove been reported Despite this observa-
tion, studies by Pasvolainen et al (43.44) and Luebbers
et al. (30} und that the body mas vahes of nmners,
eroas-country skiers, and physically active college students,
respectively, incresed significantly dunng a 9-week period
of plrometnc training. A 13% change in lean body mass
after ¥ weeks of plyometric tmining among competitive
male cyehas (2) sems to sugpest thai the positive change
i body mas becase of plyamelrc ran g may podddly
be attributed to an ncreate in lean body mas. Thi con-
dusion was also supported by Witzke and Soow (66) who
presented evidence that a plyometnic program of 9 weeks
among adolescent gids brought about @ dmificant noremse
in peak bone mas, which may possibly influence an ath-
lete's bean body mass positively. An avemage increase of
T3% m type I musde fiber cromssectionl area, which
may ako benefit a lean body mam-relited component,
namely, musce mas, afier § weeks of plyometnc training
might also explain the incresse in lean body mas (4% The
results of research by Ronnestad et al (53), Mikkola et al
(400, Paton and Hopkine (45), and Spurs e al (56) on
soceer players, endurance athletes, eydists, and distance
munners dd not concde with the reslis of the k-
menticned studie. They all conchided that a plyometric
program between 5 and § weeks did not appear 1o offer
any sgmificant benefit n terms of body mass increases

Simdlarly, Lushbers et al. {304 and Potteiger et al (49) failed
to demonstrate that a plyometric training program between
4 and § weeks among physically active males would lead 1o
any significant changes in body fit percentage.

Agoording to literatune, both bone mass and musele ber
crmms-sectional amsa can be mproved by maldng wse of kad-
beanng activities such o umpang (37), g, and dimlb-
ingr (290 A bone and musde masi-related body composition
characterstic, namely, somatotype and espedally the meso-
marplic component, will probably alio be influenced pos-
tively becase of an incresse in bone and musde mas (7 In
this regand, phrometrics will probably benefit these anthro-
pometne vamables became of the load-bearng activities it
containg Alo, becawme of the direct relationships between
thete anthrmpometnc varmbles and power, which is a
requirement for rughy (17.25), certain plrometrc-relaed
anthropometrnc changes would benefit rughy perormance
in the long mumn.

Despite the svaillabdity of ample lterature that demon-
strates the postive effect of plyometdc tmining on
performance (10,13), it is still not dear whether combined
iport-gpecilic conditonngy ad pliometrde aang pro-
grama should be mplemented and whether the benefits
could be extended to team sports such as rughy union
Literature also does not seem to give a dear indication of
the period over which a plyometre program must be fol-
lowed in onder to gain agnificant benefits. The plyometnc
program durations vary between 4 weelks (6) and 12 weels
(19} with cne study that showed mprovements afier just 3
weeks of traindng (39).

The purpose of the present study therelre was o inves-
tigrate the effects of a 4-week combained nughy comd itiondng
pedrmance and anthropometric components of universty-
level rughy players compared to the offects of a nughy
conditioning  program done. This study was the fimt 1o
explore the effeds of a combined rughy condibonng and
plyeanietne b program on nglsy plaves’ plysical mo-
o prerfiormance and anhropometne components. The reailis
from this study mary posaibly provide coaches and other sport
profss onals with infrmation and gidelines that will emable
them to pln and et up more effedive combined spor-gpe-
MeTHODS

Experimental Approach to the Problem
The specific hypothesis under scrutiny was that a nugby
conditionin g program, combined with phrometoe training,
will lead to significantly biggrer changes in selected speed,
agiity, anaerobic power output vahees, body sze, lean
body, musde, Bt and skeletal mass and somatot ype amaong
universiy-Jevel nughy players than a rughy conditiondng
progrram dlone. Therefore, a pre- to postiest mndomized
design was uwsed for the study, and subjects were rand omly
amigned to either a control or experimental group. The
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experimental group completed 4 weeks of plyometric
program o addition to ther nomal rughy training,
whemas the control group ocontinued with ther normal
rughy conditioning program. Both groups were subjected
o the same testing protooo] befire and after the 4-week
comditioning program.

Subjects

Forty rughy pliyvers (1894 = 040 years) Fom the fst and
second U119 mughy teams of the Nonh-West Undversity
Potchelstroom Campust, Sowth AMoc) were mmdomly
selected o particpate in the study. Approval for the reseanch
was granted by the Ethics Committee of the Morth-West
Undversity (mumbser: (M2}, The competitive nughy playing
experience of these players vaned between 10 and 12 years
with an average of 1126 years. The study design, purpose,
and posable fsks were explained to the subjects, and written
infiormed consent was obtained Fom the subjects befre the
investigation Sulbgecis abio complebed a general inkrmaiion
questionnaire  regranding their exerching labits, njury
incidence, and competing level and were rndomly asigned
to either a control (2 = 20; age = 180 * 038 years; com-
petitive experience in ngrby undon = 1125 * 1 (M) years) or
experimental group (#=20; gre = 1894 = (£ yeurs; com-
petitive experience in rughy undon = 1126 * 0.9 years).
Posaticraally, each group eonssted of 7 backs |numberned

Tasie 1. Four-week long phomelnic ranng program.

915, wheress 12 forwands [numbered 1-8) made up the
experimental group and 9 brwards the contml group.

Sulgects vohntesred to partidpate in the study and were
healhy and free of any injuries during the Sme of testing and
participation in the gy conditioning training programs
Each algect was instructed to sleep at kast § hours duning
the evening and moming before different testing sesiont
They also had to shetain from ngesting any drugs or
participating in strenuous  physical activity that  may
influence the physical or physiologic responses of the boady
forr at least 48 hours before the scheduled tests. Subjects had
1o maintain the sme det during the weeks of testing. The
subgects aroved ol the testing sesslons in a rested and fully
hydrated state. Only 16 abjects n the control group and 19
mibgects i the apermentil group eeaited al the tests
which meant that 5 subjects were excluded from the study.
Omne subgect in each of the growps also did not complete the
agrility T-test but was still incuded in the study becase of
the fact that they completed all the other tess.

Tra

Mlmmmpmﬁ:@nﬁqinﬂwmnqﬁmuﬁﬂhﬁig
progrram befire, during, and after the testing period At the
time of the sudy, plvers were Blowing a presestion pro-
gram, which was conducted by the sime coach and sport
sclentidl 1o emure csiEency o ooaching techmiques and

Wesk  Day

Plyormetnic aercises

Fower skip, squat urmp, doubleleg tudk pump, chest pass, step and throw, and two-am put

ke pmp, standing long ump, standing jump over barder, prone back edenson, snghe asm put,

and supine lag HL

3 Front cone hops, sde-to-sde push-off, split squat pmps, medicne ball Vost, rocky full s,

and medicine ball crossover p

mwmmqﬂdﬂumipmum“mhm pariner siraddle sit

passes, seated sob twisl, and sngle dap pushup.

z Barrier hops, standing long jump with spent, cone hops with change of direction, pull

Hhrowes,

kneelng sde throw, and bench press theows
3 Latersl stepup, alemate push-off, sde prmps and spent, seated Fussian twists, plyomeine bench
peess throws, and push-up with weghts

2 ball medone push-ups.

Front b urnp, el boa urmp, ssde-io-side box shulffle, hammer theow, medicine bal si-up, and

z Depth ump, depth jump 1o second b, 3-point stance with sngle-leg hurdle hop, standing
mide-to-smde pass, medicne ball stup and twist, and medicne ball pashups with a partner.

Pyrarmiding box hops, depth jump with 180" wm, depth jump with standing long jump, Russian
twist waking, depth pushup, and drop and caleh pushup.

Muliple box-io-box ump, depth jpmp with 360° tumn, depth ump oeer barmier, hip rals, over e
head backward throw, and mdne push-up with depth ump.

30, B0, and B0-s box dril, depth ump with reach, sng e-leg depth ump with banter hop, Tonswand
through the legs, liberal shuffle and pass, and quarter-eagle chest pass

Depth urmp with laberal movernent, depth ump with pass catching, depth ump with blocking bag,
réchicine ball grab, power drops, and calch and pass with pmp and reach

400
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progrramaning. The program conasted of held ssdons once
aday and resstance training sssons 3 tmes 3 week that each
lasted for more or les 2 hows per trandngr sesgon. The field
sesions inchuded skl activities, offensive and defensive drlls,
and oo Hondngy intervals Resstance traning sessl ons oon-
ssted of more or kss 12-16 medivm- 1o high-intensity re-
ddtance exendses (7085 of the 1RM) that were Boused
on the attanment of musde hypertrophy and srength. The
expermental group alio had © participate in phyometnc train-
ing sesaons 3 times a week, for a Sweek penod, over and
of 10 repetitions with a 3-second res period between sets.
These gnidelines were followed durougho the 4-week bran-
ingr period A quabfied sport scentist, who was in chage of
the UA1Y aughy eams’ conditioning, aiperviied all sosmions.
The phrometric exercies execwied are presented in Table 1
Al control group aibjects were requested to refrain from amy
phyometnic traiming Subjects were required to attend ot least
92% of all tradning sessons and not join other type of ftness
traindng programs to be included in the study. The $week
traindng peniod was deemed to be sulficent because of the
agrpestion wade by Lugers and Pook (31) that the mecssry
period for presesson rughy plovers” training: & 4-6 weeks.
Furthermore, combined sport conditioning and  phrometnc
trainingy or ooanbined resisance and plometric traiming pro-
grams of 4 weeks seem 1o be sufficient in g spndficant
improvements in speed (over 20, 40, and 60 wd), standing

broad jump, T-aglity performance and vertical jump hegght
and power, respectively, among groups of trained baschall
(14) and volleyball plryers (3%,

Testing Procedures

The players underwent 4 days of testing: 2 pretest and 2
posttest dins, respectivele A week before the offical esing
week, each plver was Bimilarized with the testing proce-
dures and plyometric traning programa. On the fist pretest
day, subjects completed a questionnaine, together with the
informed oonsent Brm afier wlich the ambropometdc
mensrements were faken and this was Blowed by the
execution of an intensive, dynamic, nugbyspecific wamm-up
for more or les 15 mnutes. Finally, a test bettery that
congited of he kg modcne bl pul verial jump,
acceleration, and speed and the Wingate anaervhic lest
(WAAT) was performed Afier a perdod of 48 hous, the mesxd
testing sesdom followed on the exadt same time of day 50 =
1o mindmze the effects of dreadian variations in different test
resulis. Agrain a wamm-up was perdirmed before the comple-
tion of the ayrlity Test All experimental group aibgects were
then aibgected to 4 wesks of plyomete tramng, which was
perrmed in conjunction with ther nomal ruglsy traimnng
program. The oontrol growps only continued with their normal
rugrhy comditioning program for the 4-week period. Afier the
4-week period, the phners wene again tested at the exadt same
time of day (postiest dayh and same day of the week as the

Tasre L. Demcriptive stalistics and range for the pre- and postiest and goup resull diferences for body tat-milsted

e sumements ™}
Caontrol group (n=1E) Experimental group (n = 18)

Measurements Pre: Post Pre: Post
SUMESF (rmm) 66,18 = 220 B511 =275 TA B4 = 2053 7230 + 2R 42
Range 35.00-117.00 31.75—- 10550 300137 36.50-138.25
Body fat % 1111 £ 347 1084 = 338 1228 + 4 62 1207 = 4 43
Range B20-1811 SET-1720 5522272 BLA3-22 42
Biceps SF (mm) 477 £ 187 48T £ 234 524 + 28D S5.04 £ 281
Range 2 75-8.50 3001150 2501500 200-1425
Thceps SF fnm) 861 + 333 841 = 420 10.42 = 4 OB 886 = 380
Range 550-1650 5.00-20.50 425-1875 4 50-18.25
Sabscapadar SF (ram) 881 + 268 858 £ 258 11.85 = 624 1183 + 634
Range ES0-15.00 BLDD— 1325 5502000 BELDD-ZB 50
Abdarmnal SF (mem) 1414 = 583 1414 = 603 16.51 = B.0D 1567 = 7681
Range 752600 5252550 E.00-3200 B50-31.75
Saprasprale 5F (mm) B4l = 41 B14 =315 1014 = 6 dad 857 = 4 BT
Range ADD-17.75 A 751625 350-31.00 4.00-Z3 00
Front thigh SF [mm) 1458 = B5T 1462 = 508 14.70 = 551 14 83 = 538
Range T00-34.00 B.T5—26.00 i 5024 50 7752625
Calf SF (rmen) 853 + 335 820 =297 10L03 = 368 1024 = 3 83
Range 4. 751625 S.00— 1450 AS0-17.75 4.00—-18.00

“SUMESF = sum of tha 6 sdnfolds; S5F = skinfald

Walues are presanted 2s moan * SO mnga = min UM -madmum.

o 2| Fm =u | 401
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Tasie 3. Desoiplive statslics and range for the pe- and positest and group resull difessnoes for girth and breadth

Control geoup (n=1E)

Expermental geoup (n =148]

Measurements Fre Posi Fre Post
Relumd asm girth [cm) 3264 = DED 3242 + 264 3266 + Add F3 07 + 2EY
Range 2B E5-36.80 27803650 I3 B5-3TBS 28003770
Flexeed & guth fem) 3562 £ 265 35.TD £ 230 3625 £ 238 3657 £ 267
Range 32004000 A2 00— F0ES 31.60-30B5 F2 E5-40.30
Possasm girth [cm) 2887 + 1.68 2877 + 1.36 2068 = 1.77 2051 + 1.89

[ 2565-31.50 2E.S0-31.00 T E5-EATO 26 DD-34.00
Thigh girth (o) 5660 + 4.10 5583 + 4.14 5823 + 575 57.70 + 608

e 48,3062 B0 4805 B2 55 51.20-T3B0 48 TO-T 480
Calf grth (em) 37.78 £ 2BR 37.74 £ 2 BB 34T £ 3B4 3047 £ B3
Range 34304405 34804350 IR IS—BS5 33354820
Arkde breadth (cm) Tad + 052 755 + 043 778 + 048 786 + 051
Range B.T0-B.35 EBS-B.25 EBD—-E.60 6.B0—B.70
Fernur brendth (cm) 881 = D53 10.08 = DLEME 1034 = 058 1048 = 077
Range 8001085 BL00-11.05 BE5-11.40 B.25-11.80
Hurmems breadth (om) TAT + 035 722 + 050 736 + 040 738 + 048
Range E.40-7 B0 E.30-T7.85 B55-7.80 6.35-7.85

it beeadth (om) 5B0 = 03B 581 = 035 7.78 = D48 786 = 0L511%
Range 520665 5.30-6.50 EBO-B60 6.B0—B.70

* T — T
e e e watt iy s Sty Shorece 1o % 008,
1Smalll effsct e [ES — ﬂ-!?.

predest din bo mdndmize the eflect of cincadian van ations in the
et resmulis

Anthrop sric M

Firstly, each subject was landmarded by one of the certified
anthropometrists, afier which they were direcied stations
wher the different anthropometne mesamements were taken

Body fatnes was determined by mesns of a Harpenden
shinfiold caliper (Holain Limited, Crosswell, Crymych, Pem-
brokeshare, Undted Eingrdom) with a constant presaure of 10 g
mm?, b0 mesmre subotanens adipose teae, and was calou-
bted through fre sum of the Tolowing skinfidds: toceps, sub-
scspudar, ahdominal, supraspinal, Font thigh, and call deindlds
s per the Drmubes of Withers et al (65). All messurenments

were taken al the nght ade of

the body and reconded i the

memrest (02 mm Musde and

sheletal mass was  caloulated
acording o the Brmuls of
Lee et al (28) and Drinkwater
and Mazea (15). Body stabure

e seenli e

wit recorded 1o the neared 1

meter; Holtin Limited, United
Eingrdom), and body mas was
recorded (o the nearesst 01 kg
with a portable eecromic smle

T [RHE L]

Nl Lesling decusiins

R 1. Crarg ir dmue brah e hrmae S thom G 5 poaati ng St cortrd g

402 [dimsl of Srengh and Conditioning Rescards

BFW 300 Platfrem Scale
Adam Equapment Co. Lid M-
ton Keynes, Unibed Kingsdom).
Anlde, fmur, humens,  and
wrist breadils were messurned
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forearm, thigh, and call girdha
Al mesurements were taken
by International Socety for the
Advancement of Fanantunop-
ometry  Level  2-acenedited
anthropometnsts.

A, midthigh, and call
girth were comeded for the
different skinfolds ot these
sited, by usng the following
formula:  comrected girth =
girth — (w = skinfold thick-
nem). The average techmical
emor of measmement (46) or
all the anthmopometric meas-
urements was 6.36%. The av-
erage  tesi-retes  relmbdity
coefficient of the pretest
day’s amthmopometric  meas-
by making use of a small shiding caliper (Holain Bicondylar  urements was caloulated to be 088 compared with the
Calipers; Holtain Limited, United Kingdom) and recorded 10 average value of .95 for the postiest day.

e mesrest 0.1 em Girth messrements: wene taken with a flex-

ihle steel tape (Lufldn WalPM: Cooper hdustries, Sparks Peformance Tests

MDD, USA) and were alio recorded to the nearest 0.1 cm Gith - Expliine Frer Brte Upper-body eplaie power was
menmmenmsents ncluded the rebnced and comtractied upper arm, measured by means of the seated 3 kg Medicine Ball Put

wones beaadikoz

Lizferens resrng Cacasons — i

Fgum X Chargas in weisd braadhh o amants vlue iroan peee o poaiesting b the eaper imantad grocg,

Tasie 4. Demcriptive stalistics, mnge, and significance jor the pe- and postiest and group result diflesenoes for body
stature, body mass, musde and skeletal mass, and somalotype measurements *

Control group Experinental group
[ =18 [n=18)

Measummans Pre Pt Pre Post
Body stature [cm) 178L81 + 788 18033 + B2t 18338 + 754 18376 + B101
Range 166.40-198.30 166 70— 18810 16640182080 166, 8020200
Body rmass kgl BX5E * 1074 B2E1 = 1072 BEBE = 1348 B0DE = 1347

oe B2 2058 50 6320 BEED E240-115.10 B2 60—11E.00

Muscle mass (kg 2834 + 235 284 + 24 3016 + 318 A014 = 327
Range 24 3B-302 4 245532 BB 24 5B-3E.T2 T3 B0-3T713
Musch mass % 3450 + 2.08 3447 = 204 3379 + 228 FATI £ 208
[Ran 31.64—30.20 32 04— 3685 D6 B3040 30. 453803
Skedetal mass (kg 887 £ 134 1030 = 1464 1085 £ 1.30 1122 £+ 150
[Ran 752-1251 FT2-1273 Ba4B-13.00 B16-1311
Shedetal mass % 1214 = 1.26 1246 + 1.23 1228 = 1.18 1256 + 1.42
Range 10,1 B-14.70 10.74— 1488 1028 -14.79 BLET-14_80
Mesomogphy 620 £ 118 B33 + 115 582 + 148 583 + 156
Range 4 2T-B33 4. 45-8.54 3A32-E14 3.15-8.64

Endomanphy 263 + 081 254 + 087 287 + 152 288 + 1.38
Range 1.36-4.22 1.31-4.88 126-6.78 1.31-6.27

EBciormnorply 1.73 =107 1.77 =111 171 = 115 1.75 = 115
Range OOB-375 OO5-3.74 OLID-352 010-371

mﬂpn-lhdu# :Sﬂ,nrw-l'i'-lm—m
st v milfican iy difiorant = 08
Eﬁu{ES—t:iE e - .

o 2| Fm =u | 403
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Test (3 kg MBPT) accond ing to
the method of Hall (1)
The seated medicine ball put
test & regarded a5 an objective
[r= 099 (204, valid (r=0.T7-
090) (21.26), and relable test
r = 077099 (20) 1o ases
the muscular power of the arms
and shoulder gindle (1). Subjects
were  imtructed to &t up
sragght with the upper back
anen agrainst @ wall and the legs
exdended strajght 1o the Font
Subgects were not allowed 1o
move the upper back Fom the
wall during the put action with
a view 1o eliminate the use of
momentemn. Sulgects  were
instructed to place the palms
of ther hands on the ddes of
the ball in a manner a8 1o pre-
vent oockng of the wrss
When ready, the sulyects drew
the ball back against the chest
sl Forcedudhy pushed it forwand
and wpwand The ame of the ball
was coniroled by a nng that
was podtioned 2 m in oot of
the subgect @t a helght thot eom-
trolled the angle of release to be
approcimately 457 }
were given 2 practice tmaly, fol-
lowed by 3 maximal effors
with @ res period of 30 seconds
between each effort The best
diance of the 3 mendmal
efforts was reconded to the
meresl  centimeter. The ies-
retest reliabality for the 3 meas-
wremenids of the pretest day was
found to be 063 and for the
postiest day 053

Lanwer body expl oave power
was meaared by means of the
vertical jui st (VT acoond-
ingr i the method of Elhs et al
(18). The V]T & regarded a8 an
objectve (r=0M and valid test
fr=093) to deterrnine the peak
ansenhic power output of sub-
Jects (54) Subjects  were
instructed to sand agprins a wall
0 which a messuring shick
v arttached, with the dominsnt
ami  shouder and  the
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Tasee 5. Desoriplive statistios, mnge, and significance of the pre and postiest and group resull differences for the

explosive power, speed, and agilly messurements

Contrd group [ = 16)

Experimental group (n = 18]

Mesnsureaments Pre Post P Fost

3 kg MBPT (m) 4.TE + 036 441 + 04215 4064 + OLdd 463 + 048

Range 3eT-53 375554 400568 ATD-50B

WIT () 5063 £ 6B 5156 £ 622 S0B4 = 658 5184 £ 748

Range 41.00—-E8.00 4000 E300 43006700 43,00-70.00

WIT (W) 12685 + 160.06 128665 + 17552 13B6E3 + 21465 140110 + 22365

Range BE1.27-1538.21 BTEBd-1 61073 B5E6.16—1,726 D4 BTEI2-1T7T747

ﬁpued 5 m (5 114 + 017 114 + 018 122 + 016 114 = 01
0.8E-1.58 OLBD-1.45 104158 1.00-1.31

Spetd 10 m (5] 180 £ 018 180 £ D16 188 + D18 182 £ 012
1.70—2.40 1.60-2.25 1.77-2.43 1.78-218

ﬁpuedmrn[ﬂ E0T + 024 306 + 018 A34 + 025 A05 + 016 ||]#

Range 2 84— 3 B0 280365 305381 A01-366

ATT 1028 + 0571 1035 + D.5f 1072 = QLD 1 1042 + 054 |{1HES

Range 24511231 2.80-11.381 1004115711 B5E-11.3811

Thata am moan = 50
BPT = Modicne Bal Put Test
p.l-.:::d shaluos within group: mifican iy diflorant
n ] = QLo

ﬁ.‘dpﬂl—ﬂ::ﬂﬂmm‘lml . i L
P o e ERRE O
‘Ih&:dudmmimllqﬂ.uﬂm{@ a8
frn =1
ghdlmuhndudm{ﬁ—m

amun offect sia: contml v porimontal gmoup ES = 0.8).

sk o i rifoant diffioroncss [ES = 0.8).
mﬁum:;;nﬂmnl@m{psm

domminant legls ot gt the wall By keeping the heels on
the floor, the subjects were requested to mach upwand 2 high
o possible. An amn swing and countermovement was allowed
afier which the plavers had o jurp s ligh o poshle and
touch the mesmming dick af the highest poable point. Thos
distance was then reconded @ e highest jumping distance.

The diflrencs between the reaching and junging distance was
then calcubated and reconded to the nearest 1 em. The subjects
perfmed a mindmum of 2 triaks with a 30-second et period
beetween each tral. The better of the 2 trals wene reconded for
the purpose of data anabyas. The tes-rebed rebiabibity B the 2
messurements of the pretest day was bund 1o be 084 and for

ENr B firces 157

et
% —d Eipe F

b T
—f Hazwr: e

— Frrp R

Fro oo Fred e

Liferens resrnp craasons

Fgum & Changa i 20 m aeen? Gmes ban pre- o poamasing b e arsrimantd greug.

ithe posttest day 095 Power val-
et were derived Fom the for-
muls of Foter e al. 20)
power (W) = 2167 = body
mass (kg = vertical dsplace-
et [m)iS.

Apdenitin and Sped The
aoreleration and runming speed
ol the pliyens were delermined
by means of a 5, W, and 20-m
maximal sprinting et The
sprint over a speciied distance
is seen a5 an objective, reliahle,
and valid test to determine the
acveleration and speed of sub-
Jecis 22} Elbs e al (18)
reported that  plaves  rarely
run firther than 20 m in
a straight hne during a game,

=u | 406
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il

Apkly TTar Paven” aghty
was evahoted by using the
ATT acoonding to the method

Bledicans ball 2l Camnce Ly

of VanHeest ef al (62 The
Tiest was abio pedformed on
the rughy fidkd and subjecis
were agrnn nstrecked 1o per-
form the ted in ther rughy
boot. The subjects were ind-
tructed to sprint Fom a sanding
slarting postion o a oome 9 m

7 W gl -
2k i b
= e &
e fubjar i
A s i
= Sespai 13

= Grrjan 17

ra-baal Hrwl-anl

[ T [TRTRE SoH

g 7. Chargis in muidcing bl fut e o s e fhom pra- o paneating be th centr d grevg

and this i the reason for 2 20 m sprint test. Interme diste beam
electrondc timing gates (Brower Timing Systems, Dinper, UT,
USA) wereset at i, 5, 10-, and X-m inerval on a section of
the rughy feld The mibjects were instructed 1o start when
ready From a standing position with the front ot on the
starting line, 80 a8 1o ehminate the posdble mfvence of e
action time. Subjects were alio instructed i wear their rughy
beoots during testing. The subjects were requested to sprint a
Fast as possible throwgh the findshing: bne, maldng sure not o
slow down befre the fnddung e Spit tmes (at 5 and 10
m) and fnal time (20 m) K 3 rials with a 2-minuie nest
period betwesn each, were reconded to the nesred 001 sec-
omls. The best times for 5, 10, and 20 m were used in the final
analysis. The average test-retes reliabdity coelficent of the
pretest din's speed mesurments was caloulated to be 0840
compared with the average value of 0,47 o the posttest day.

&t ) awary, followed by a side shufile
B ousal
_._‘:f:: i Jefit o @ come 4.5 m away_ After

touchingr the cone, the subjects
ade shuflled to the cone 9 m
oway and then sade shuffled
back to the middle come The
test wan concluded by back
podaling: w0 the starting line
The test soore was reconded @ the best time of 2 tdak to
the nemred 0001 secomnd. A 2-minate rest peniod was al lowed
between each iral. Subgecis were disqualified if they Eiled to
wuch the base of any come, crossed the one foot in font of
the other, or Giled o Bce forwand for the entire test. The es-
retest reliabality for the 2 mesamemnents of the pretest doy was
found to be 089 and for the posttest day 0840,

Fingap Angrolis Ted The WANT was implemented to
evahmite the anserchic power and capadty of the plyera
The WAAT is comsidered an objedtive (r= 0.84-0.88) and
valid (r=0.94-0.98) test to determine the ameohic power
and capacity of subjects (24). The test was conducted as per
the method deseribed by Inbar et al (24). The WAAT
consisted of a 30-second period during which the subjects
were instructed to pedal masdimally ona Monark 834 bicyde
enpometer (Monark Exercse
AB, Varberg, Sweden), af
a resstance of 001 gy body
mam for the duration of the

AL Lz i

15

Rl

g ! period. The players prepared
et for the test with a 5minute
A b stan dandi e d submasdmal
_!_:':‘::" warm-up. The test began with
=k erjut b a pedal Fequency of about 60
e revolitions per minute and
B ::_T:: :(. a low braking force i Bclitte
the comtrol of pedal cadence
When the players were alle
1o mamian a condant pedal
cadence, a countdown started

i1 Torand usdinng wievass vis

Fgum & Chargs in ATT Sma e b poafaating byt aparimantd grecp ATT = agily Tt

406  [dimal of Strengh and Conditioning Rescardh

and the fill braking force
was applied to dgnal the stan
of the ted The feet were sa-
bilized to the pedals with
stirrups. The playvers were
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Tame 6. Descaptive stabsties, range, and significance of the pre- and postiest and group result difierences for the WART®

Contml group (n = 16)

Expedmental group (n= 18]

Fre

Pest

Pre

Post

Range
[Reladive total
wark: (likg)

Range
Fatigue ratio (%)
Range
Average W 5 &
Average W 10 s
Range
Average W 15 s
Range
Average W 20 &
Range
Average W 25 s
Range
Average W 30 &
Range

1120862 + 234 46
B2E 18-1,635 54
TEOLE1 = 9251
5T5.28-897 891
1383 = 284
BS3-19.92
B30 £1.327
6.26—11.82
P2 B1I5.34 £ 2 77534
17,258.70-26,837 .30
ITR13 £ 3780

187.78-354 63
S2T 21078
31766477

1120825 + 2335
B2B.00-1 63600
BIBED = 10864
54 2 00-848.00
77360 = 11838
512.00-1 028000
TIOLTS £ 10732
524.00-838.00
B01.44 = 00001
A0 T.00-7 2400
S16.31 = 60.34
354.00-628.00

1,134.21 + 16038
BE3 B0-1 38611
TBLET + 9421
B18.74-804.78

18,502 2020 B43.40
2B4.85 £ JR00

2107032832
51.15 £ 568
A2 TO-Ed 55

718,001 11800
78363 + 10258
581.00-1,007.00
TO531 £ BATS

551.19 £ B4.31
410.00-701.00

1,087.35 = 18017
TED_20-1 42417
TEATI = 12740
515.87-1,016.19

2281130 £ 3 B24.T0
15476.10-30,485. 70
257.7B £ 4363

168 T7T-32371
4855 = 10001
1767242

1,170.08 + 189541
832.00-1,524.41
B11.40 = 127.52¢
565.10-1,088.82
1315 + 241
2.43-17.54
810 + 1.38f
B.18-11.18
24,34192 + 3BIEE0T
16,053.00-32,064 60
27286 + 39.361§

185 2633566
51.04 = BBD
TR ET-6254

B14. T4+ 130541
551.00-1,127.00
TAB 16 + 1304715
506.00-1,031.00
ETAT4 = 12512%
A07 DD-BE5.00
56632 + 10886
3B0.0D-TB200

m.nmm+ S0

-dpc-lulnu:nilmn am significanidy
E}.ﬂ[ﬂi wn:mn
anges in par- and postimining walues within $o ooniol e epesmental group are sign ficant (p = 0051

ﬁm%som:_
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University Web site, was used to
process the data The descrip-
Hve satitics (avensges, S0k

wahees) of each test vardable
and anthmopometne  mesame-
mend were fint caleubied This

calanvs ek poesr 1N KsL

el

Intoerent eshng pozzsiocs

Fgum §. Charge in WhaT nabe pk powar vl fom e o poaeating b the apsdmentd gecp.

instructed to sprnt maxdmally from the stan of the test and
were requesied nol 0 pace themsehres through the testing
period. The peak power, relative peak power, average power,
relative average power, total work, relative total work, and
fatignie rate of each sbjedt were then calculated from the
test The average test-retest reliabiity cosfident of the pre-
test day's measurements was caloulated to be 0,66 compared
with the sverygre value of 0.93 for the posttest day.

Statistical Analyses
The Sotistical Consutation Serdces of the Norh-West
Undversity determined the statistical methods and procedunes:
for the analyss of the research data The Statwtical Data
Procesing Packagre (57), whdich s avadable on the MNorth-West

was followed by the caladation
of techmical error of messure-
ment for all the anthropome tric
me aooording i the
method o Pederson and Gore
(46). MNed, the Cronbach's
apha coofficent of relihdity
wit caleulated for each mes-
mrement that was tken on
the separate test doys Depen-
dent Ftestts were dome 1o reveal
the sgmdicant changes betwesn
the pre- and posties nesilis
and independent Fteds wene then done to determine the =g-
nificamce of pre- and positest clonges between the contol and
experimenta] groups. In all analyees, the level of dgnificance
was set ot p= (W05 Effect sizes (ESs) were caloubated for pre-
and poaties remilts ineach group and for diferences between
the expermental and oontml groups (o determine practical
agrndficance for all dhe vahves, which showed statistioal signf
dzmnce. Effect dzes (exprssed a8 Cohen’s o value) can be
interpreted as follows: an ES of more or les 08 & lrge an
ES of more or lest 05 18 moderate, and an ES of more or bess
02 i amall (59 Last, spagheti graphs were compiled for each
of the test vamables and anthropometric messurements that
revealed significant changes from pre- o posthesting i identifr

resproasderns and  nonresponders.
BResuvrs
Anthropom stric
Measurements
£t Results of the descriptive statis-

s For the pre- and postiest and

group remll differences |depen-
dent and  independent  Flest
resuli) for the eqerimental
and control groups with regrand
i body fEi-rehied mesmre
ments ame presented n Table 2

P Re e G e oy DR

Gzl i L P
el e Mo statistical or praciel sguf
P __._._,____—- :w-wn' icance wi observed B pre- to
—_— Teljmt 17 ]
B R posttet clanges in avy of the
[— [ A sesjal I bady Ft-relted mesurements.
iffarentiesting o =prioes I ::_:.I-: :: Results of the descriptive sta-

g 10, Chargran in'W AnT nabtes avar i pvwr vl o frem P B peocl i g for h aapsarimental

g

408 [dimsl of Strengh and Conditioning Rescardh

tistics with regand to the girh
and breadih messunements ane
presented in Table 3. Mo statis
tieal or practical apnificance
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was oblwerved in any of the ginth
mesmremen  dunges of the
test mlbgects. However, statisti-
cally significant incredaes were
seen for Eowr breadih among
the comtrol group sbgects and
for wrid bradth among the
experimental group  subjects
The pre- o postted dunges
did, however, not obtaimn high
praciically signdficant vahoes
Figures 1 and 2 display the
spaghetti graphs of the pre-
and postes values for Bmur
breadth of the contml group
and for wrist breadth of the
expermental group. From the
fgrures, it @ clear that 10 con-
trol group subjects reponded
podtvely to the gy oomdi-

v ol wack 1L BRD

Frodlzzt Forizzd

Lifhepe s recming oo sns

Fgum . Change v WAAT rdative st werk valuin bom pre- b poaeating o the sxper imantd greua

- e tHoming program with  regard
o i o Femiar bremth, wheres 13
B T experimental group _subjects
s e showed positive  responses
B 1:"-"' ’ with mgard to wrist breadih
) Bl o afier completion of the com-
2. sy hined gy conditioning and
I — T ; .

E = A Ee phrometrc training poogram
| # s, Remlis of the descrptive sta-

z mm =i uzwe: A e

E rdisien tistics for the pre- and posties
2 | -!-s._.. < anmd O remli  differenos
I Fead i (dependent ard independent
Difere — gy et resadits) of the experimen-

[[=] Sl T TR S E tal and 1 for bk

stature, body mass, muscle and
Fal percentage, and somatotype
are presented m Table 4. Body
stature showed a  simdfcant
increase (p = 005 fFom pre-

ROUR 1L T it W T v s escowsir cvar 5 smins ki froen e et g foe o wagear el g

Lk _a_ ﬁ::‘rl 10 postiesting Er both the con-
S A - ] = crjur- trol amd experimental groups,
Joa L | "i"T u':_‘:: whereas skeleta] mas showed
I W ihzan a sgnificant increme (@ =
i - Siljaat 005} for only the contral group.
B sl s N atheal \
i - aibian o statitcally or practically
by —f S signdficant  changes  were
: _:,::::' olserved in any of the somato-
(I e by 1 typerelated values for the G-
z A i ferent or  between
& = 14 =ijmate groups
- ! * uliaa b groups. Again none of the
Frelizi, Fendlad I:‘““: last-mentioned  mesamements
L3iberert 251N, n2zosnre — E:E.ﬂ I.ﬂ: ahowed high practically signif-
cant cuanges
Fgum 13 C v i WA asiriape rowsar criir 10 sy hem pna - 5o penn g o S s imartal groui,. Figures 3 and 4 display
the spaghetti graphs of the
o 2| Fm =u | 409
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resulis of the bst-mentioned

AW

WA L pover aves 1F

Prewal Fieiizsd

LHCIepers necrng Coonmeens

Fgum 14, Changes in WhaT avwings power o 15 ascend fam e o paieating e he apsdmanhl g

pre- and posttest values for body stature of the contro] and
experimental groups, respeciively. Ten of the contml and
10 of the experimental group suljects showed moreses in
body stature heigrht from pre- to posttesting. The spaghetti
graphs B skeletal mass duanges of the control group Fom
pre- to posttesting are dsplayed in Figure 5 Ten of the
control subjects reponded posiively with regand to their
akeletal mass vahoes

Explosive Pow ar, Speed and Agility Measurements

As Table 5 mdicates the experimental group expenenced sa-
tistically significant decreases i speed over 20 m and ATT
timves during the training period. Cohen'’s effects sre revealed
a amall (ES - 0.2) and medm practicsl sgndficance (ES -~
05 for the mamed mesturements The ndependent St

5 ekt 1 cally and medium and lage
= e practically sgnificant vahees, re-
o dezpal b spectively, when the control
: "'“:r group was compared with the
i expenmentsl group. The con-
A wsale trol grrongy obtaineda statisticall v
I i (= 0.01) and practically signiF
A Eeijar 1 want (ES = 08) lower medi-
I_\::::’I cine ball put test resull Fom
A e pre- b posiiesHng.
-!-,.,f\c::\ Figures 68 present the spa-
& saspal 1 ghetti graphs of the pre- and
—~ rrprl 1k

posttest values for the medi-
cine hall put test of the control
group and 20-m speed and
ATT times of the experimental
group, mspectively. Eleven of
the control group subjects
responded negatively with regrand 1o the neghy conditoning
progrran when ther medicine ball put ted vahves were ang-
hyzed Thinteen subjects of the expermental group decreaned
their spead and 15 subjects ther ATT times fom pre- to
postiesting

Tl 18

Wingate A bic Test Me 1

Tale 6 hsts the WAnT resulie A sdgnifcant trindng effect
(#= 0.05) was seen in the experimental group for peak power,
anveragre power, relative peak power, relative amenage power,
il work, relative total work, and average power over § 10,
15, 20, and 25 seconds. None of the vanable:, which displnred
statistically sgmificant changes, obtained lagge practically sg-
ndficant values The dunge in aversge power ot 3 seconds
was significantly better for the experimental group than for

the control group. Again, only a

medium ES value was oblaxdned

when this ¢lungre was analyzed

P Fyures 9-16 present the

i B oo saghetti graphs of the pre-
B s _ G vz and positest values for the dif-
E: " "’;;;;:_‘; ferent WANT maulis of the
F"E i e T experimental group, which dis-
- - & e pliyed sgnificant changes. The
; — - it mumber  of algecis  who
g = S— it reaponded  posdtively 1o the
fe———% e combined rughy conditioning
= — . & osdieo s amd :pi:pm:-jc trainmng pro-
g fi__— — :;:‘*:: gram, with regard o dhe
e -:- Sy |5 named WANT varables, & as

Fro e P bt 3 et follows: 15 subjects in relative

LNH2FTE et Ong woii £0ns — wherta petk power and averags power

over 15 seoonds, 17 subgects

g 15, Crurges in Whe T avirn g povir o 30 aaceechs i fre b poating e e apsrmantl gres. mhifive average power and
average power over 20 seconds,

410 Jdimsl of Strengh and Conditioning Researds
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positest  ATT time cunges
compared with the group that
only esecuted the nughy condi-

Hondngr program alone. The

2 E(w
H

eommbdned program hada stmdlar
effect on the 20 m speed tmes
when the pre- (o postes
clanges of the control and
experimental groups wene oom-
pared Disimdady, a T-week

WAND ZvRrage povear ave

" combined phrometnc and soc-
o cer oomditiondng program did
not lead to sgnificantly lower

Fre-wa Fotbsl

LHERrecr Ranng oo cuors

Fgum 18 Chrge in'W AT svinags powar oo 205 aiceac am prie b oo g bor i s imental grous.

16 subjects in relative total work and aversgre power over 10
secomds, and 14 subgects in average power over § seconds and
avergre power over 25 secomds.

Ihscursss ow

The study succeeded in showing that a combined by
onmuditiond gy and  phrometric training program of 4 weeks lod
o sigrndficantly biggeer chunges in certain speed, agrility, and
anserobde power output values amaong undversity-level mugby
plavess tmn & Ay oonditining program done Futher-
mare, the resuts of the present study indicated that both
types of condiioning programs had a signdficantly positive
et on the wrist breadth messurements of the plyvers
Finally, the study resulis revealed that femur breadih and
sheletal mass was significantly incressed by participation in
a 4week long mugby conditioning program None of the
anthmpometric components did, bowever, display 2 signdh-
cantly Wgger duigre becamse of the combmed gy
comsditioning and plyometnic trainng program, companed
0 @ rughy conditioning program alone

Mo other sudies huve been conducted to s the effocs
of a combined rughy condiioning and plyometnc trning
program  on selected physical, motor perfrmance  and
anthmpometde  components, which made it diffedt 1w
direcily compare the realis of this study with simdar studies.
Howewver, several shudies love investipated the olecs of
combined sport-specfic and plyometric programs on a wide
rangre of varables In this regrand, a study by Wilkerson et al
(63) showed no signdficant improvements in ATT times afier
completion of a f-week combined plyometric and bakethal
conditioning program by Emale baskethall plavers In the
presend study, the combined phrometric and ruglsy condiison-
iy priegpran resilted 1 @ stlses y and pracically agnificant
decrease o average ATT times The group that particpated
in the combined program abo displaved sgnificant pre- o

40 m gprin times than those
! of 3 soccer conditiomng -
gram alone i a group of po-
fesmonal socoer players (53).

Alihough this study design
may mot explin the ressons
undedying the improvements
in aghity and speed becmse of the combined plyometnc
trainang progrra i s study, several authons boave purposed
the bllowing: plrometric-related programs may promdote
changes within the nevromuscular systemn that  enlhances
neuromuscular eficency. In this megard, ressanch evidence
suggrests thut maone mabor undls are simulated and actvabed or
the newral firing Fequency & enhanced because of plyometnc
tratndngr (38). The acthvetion of more moior wds would en-
alle the musde to genemate mome power compared with what
was previousy posdble Furthermore, Svand et ol (58) oon-
cluded that the sensithvity of the masde spindle system many
increase because of a plyometric training program and that
this adaptation may lead to enbumced joint proproception of
the participants. Flyometnc training also seems i enbunce
kinesihesia, which, togrether with an enlanced joint proprio-
ception, may increse Rmctional stabdlity (58 Moneover,
Eubo e al (27) demominded that the jump perfrmance
g aller plyometne traming o be attabisted to dunge
in the mechanical properties of the muscle-endon complesx
Notahly, the suthors observed that phrometnc traiming sl
icantly increased the madmal Achilles tendon elongation and
the amount of stonad elatic energy togedher with an incresse
in the stretch-shortening cyde jumping perdrmance. It can be
posiubated that a more compliant mausde-tendon undt would
ingrove drdch-shorenngy crde pgng pedbrmance by
allowing the muscle fibers (0 operate at a more optimal lengrith
over the first part of the shortening phase (34)

Another possible neuromuscular adaptation that plyomet-
ri¢ trandng appean o imdece & the redodion n the dme
required for voluntary musde activation, which many facdli-
tate Bsber cunges in movement direction and an acoompa-
med decrease in the ATT time (63). This fnding was ako
suipported by Hitcldneon o al (23), wheo preseated evidence
that aleap traming program led 1o ggnificant improvements
(@ = 0042} in floor resction ime among toythmic gymnass.

on | 411
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Acconding to Hutchinson et al. (23), it & alo posible that
a cognitive leamed effedt, rather than a purely motor
strengrihendng effort, # the reaon br an memsse o the
sdected physical and motor perfrmance  components
becase of the plyometnc training program
Mo studies could be Bbund that investigated the effecs of
a eoninild il s orl-apecific and phonetric brding g o
the WANT results of team playvers. Most of the WinT-derived
variables displyved sgmificant positive changres because of the
exeept for ftigee mtio and the average power ouput ot 30
sectmds. The Fnding ol P vero ef al [(47) the these aibgects
who exert a bower peak power outputat the sart ol the WAaT
will develop lower levels of Biigue may posibly serve as an
explinaton r the lack of ggndficance in the lag-mentioned
variables The epenmental group displaved sigmdficanthy
higher relative and alsolute peak power output vahees during
posttesting than pretesting, which posdbly had a detrimental
eflect om the fttgne mtos and sven g power outpd valuesat
the end of the WANT. Despite the Bvoralle reslis the
dependent fied delivered with regand to the ofcs of
a dweek combined program, the mdependent Aest did not
show the same kind of results. The experimental group only
achieved significantly better pre- and posttest differences than
thiste of the control group o avemge power output ot 3 sec-
onds. Considering these nsults, it & posible that the pho-
metne program had a more promounced effect on the musde
power endurance than on the peak power output vahes of ihe
nughy plaves. The prscobed rest penods of 30 seconds
betwesn st of plometne esercie may hove mauied ia
an meresse in mascle power endurance mstead of musde
peak power because of the Bl that the mest penods were
too short o allow for the rsyntheds of high-energy phos-
plaes (11). The anserabic ahctic enegry seetem & waslly
depleted afier 5-10 seconds of high-intensity activities and
needs at least 35 minutes o the total reynibess of the
relevandt energry sources (10011} The high-enegry phosphaies
are the s Contrbiton (o awrgy for hdgh-ntensity plo-
metric exencises (11). Conteguently, the short rest periods will
result in incaulfcient hgh-enenry plosphates for the ollowing
i exerciees and a reliance on the anserobic lactic
system Naturally, plavers will therefore decrease their pho-
metne exencite miensites and fooms more on the completion
of the prescribed muber of repetition then on the quality of
ithe exercies
Somewhat unexpected results of this study were that the
explosive power tesls (3 kg MBPT and V]T) showed no
agrificant chonges because of parti dpation i the combdamned
rugrhy and plyometric conditioning program. Again, these
results may be related to the short rest periods between the
different sets of the phrometric program. The 3 kg MBFT
resuli &, however, comsistent with those of Lytile of al. (32)
and Mangrne o al. (33), who alio did not obisin sgmificant
increases in upper-body power output vahies afier the com-
pletion of an upper-baody plyometne program. In dus regard,
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Hieze (4) states that only elite athletes are able to execute
upper-body plrometrc exercaes in such a way that the
amortization phase & kept short Energy that & stored dur-
ing the eccentric phase of the plyometne exercite will dissi-
e @t et and will not e used 1o increase the e of the
ooncentric plase i the amorttmtion phlase hss (oo long
(9:48). What the sttement of Bieze (4) therdfore agmgrests
& that the youny inexperienced univemsity rughy players in
this study would not have been able to train the upper body
successully becmse of their nahility to peform the upper-
body phrometric exercses comectly.

Tt i dnvberesstingr o no e theat the oomtrol group thet ] lowed
the mughy conditioning program experienced a statistically
and practcally sigmificant decresse in 3 ky MBPT distance.
The remilts show that the mighy conditioning progorm a e
was detrimental for the wpper-body power development of
plavers. As previousy mentioned, the nughy conditioning
program primanly consised of field and resstance traiming
sesons. The primary aim of the fiedd sesdons was (o incresse
the players’ finess and to improve thar rugbyspecifie skills
Resistance trandng fomsed on general condiioning, muscle
Iypertroply, and dreaph What os indicates 1s Ut nigrlss
oxmchitiond ngr progrrams should inchude exemises and programs
that are specifically aimed at improving explosive power. The
fact that the experimental group, which also performed phyo-
metric exenites o thar progam mantaned ther 3 kg
MBFT values Fom pre- to postiesting firther aocentes
the bst-mentiomed fact

The nonsigndficant VT resulis afier completion of a com-
hied sport-spedhc conditionng and plwsmetne g
progrram: are simdar (o those of Marques o al (35), Mariel
et al (36), Mikalk et al (39), Pavolainen etal (43), Rahimi
and Behpur (51), and Timmons (60) but in contrast o the
Imdingrs of Baver et al (3), Chimena e al (%), Mangrine et al
(33), Moore ef al. (41), Ronnestad et al (53), and Tumer
et al (61). The nomsignificant mesuls with regard to the
VIT pre- to positest changre was unespeded and can possi-
Hy be attabuted to the Elkvwing resons: Outliers among
the rughy playvers who completed the combined program
oould hove “pulled” the ftes nesulis shew because of the
rather small mmple siee in this study. For esample, 3 players
of the experdmental group achbeved negatve resulis (—5 o)
when the pre- and positest VT beights were oompared.
These plavens also achieved negative reahs with regard 1o
the VT power output values with valees that rangred
between =9147 and =040 W. A Rirther analyss revealed
that these plvers kst 23 ky in body weight on average
during the mtervention period, which had a detrimental
effect on their caloulated power output values

The significant incresse in body stature after completion
of the tmining programs & most lkely because of the
growih in body staiure among the young group of male
rigrhy plavers The average age of the plivers in ths study
was 189 = 040 yeans, and socording to Wilmore et al
(64}, some boye do not reach their mature stature until
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their eardy "20s. This would muiggest that body stature was
not influenced by the training programs but mther by the
growth Bdor Additionally, a statistically dgnificant (p =
005} imrense in average wris breadthwas detected fr the
experimental group. Upper-body plrometric exercises such
a the single dap push-up, medicine ball grab, and power
drops and the upper-body reddance exenciies exeaited m
the rughy conditioning program may have Gacllitated bome
growth m the load -bearng site The contml group also
experenced a significant increase n femur breadth and
skeletal mass despite the Bt that they did not participate
in the plrometric program. Again, the increase in EBmur
breadih and skeletal mas can probably be attdbuted to the
load-bearng resistance and on-field nughy-speafic traning
exercine that (e plavers pedoried Thete reaills am sam-
dlar to those of Melon and Bouxsein (42) who Found a sig-
nificant increase in breadth meamrements of the area that
was subjected to a badbearing activity among females
who paticpated in racquet sponts. However, a study of
Dean et al (12) showed that asthletes who achieve lower
pretraimng values will nomally esperdence the loges
i terms of the varmables meamired. This mony oot
for the significant changes experienced by the control
group who displaved lower pretraining values compared
with the experimental group in the majority of the
variables.

The above-mentioned results would suggest that only
the minority of anthropometric components wene signifi-
cantly afecied by diher the combined rughy eondidonng
i plyormetric tradmn g frogram or the ngly exnd itiomn g
program alone that the plives bllowed during the +week
period The hypothess that a 4-week combined rughy
conditioning and plyometrc traming program will hee
a sgnificantly biggrer effed on selected speed agility,
anaerohic power output walwes, body size lean body,
muscle, fat, and skeletal mass and somatotype of subjects,
compared with a rughy conditioning program alone, is
therefre oaly padly acepled Several researchens lune
made simdar observations for a variety of sport events. For
example, @ study on cross-country skiers by Mikkola et al
{40 failed to show any training-induced hyperrophic
adaptations as determined by means of the calf and thigh
drcumiErences when a pant of the §-week training period
wan replaiced with plyometde traming. The same ressanch-
ers abio did not observe any dgnifcant changes in body
welght or Bt percentage because of the changre in the trin-
gy program. Simdady, runnens and oydists did not show
agnificant clanges afier a Sweek and 4 to 5week com-
bined running and plyometric and a combined cycling and
plvometre program, respectively (45.56). The fndings of
the present study are, however, not consistent with those of
Lushbers et al (30) and Basitans o al. (2) who found an
mpereae i body mats and lean body mass afier oomipletion
of a 4- and %-week sport-specific and plyometric training
program, rspectively.

The nonsigndficant remlis with regand to the anthmopo-
metric components of this study can also posmibly be
attrbuted to the high individual vanabdity in the different
pre- and posmesamements, which might heve influenced
the Ftest resulis For mstance, the individual soeletal mas
pre- to posttest diferences for the experimental growp vaned
between —0493 (mindmuem) and 1656 (madmum) with an
S0 of 0.587; the values of muscle mass differences vaned
between —0406 (minmum) and 0582 (maxdmon) with an
SDof 0301 fr the control group and between —0.461 (min-
imum) and 140 (masimum) with an S0 of 0766 for the
expenmental group. The vahees for B percenta g dilfere noes
varied between —2388 (minimum) and 4227 (mancimum)
with an S0 of 1818 for the control group and between
=4.1% (minmum) and 6618 (masdsum) with an 5D of
2409 for the experimental group. The varabdity of all these
values could have infhenced the fes reiulls negatively.

Another factor that could eplan the ek of signdfeance
in, especially, the anthmopometnc reslts could be the fitness
levels of the mughy plvens who participated in the study.
Pliyers in this study lad already been suljecied i a geneml
righy condiionng program e 6 months bekre ths
intervention B might therefome be expecied that ther itnes
levels were already high and their anthropometric profile
aleady developed becase of participation in the rughy
conditioning program. In this regand, Paton and Hopkins
(45) Bded to prove any sgnificant increases in the perfr-
mance of competitive cydists after the indusion of plyomet-
ri¢c traming into therr existing cpcling traimng program
Motably, the muhoms atdbued the outowme of ther
research to the fact that the ordists were already in the
competitive cyde of their traning period and had already
attained a ligh ftness level. Athletes who huve aleady
attmned a cerain fnes level and anthropometric prodfile
will probably mot be so sensitive and nreactive to conditiondng
programs when compared with untrained subjects The con-
chegon of the siwdy of Turner et al (61) , mmely, that the
afndficant mmprovemenl moruinng  economy  due o
a Grweek plyometnc trainng perod was becawse of the
inexperience and the untrained sate of the mbjects, =
confirmed by the lag-mentioned statement.

In view of the fact that several msenrchers adjusted the
number of sets and repetitions of the plyometn ¢ program on
a weely basis in ther studies (832,61), this may also be
sometling to condder A contimeoes adustment ia the
last-mentioned exercae variables would probably give rie
o more musde overload and more pronounced ¢langres
in the different speed agility, power, and anthropometric
MedERirements.

To condude, the research in this study seems to sugpest
that a 4-week combined rugby conditioning and plyometdc
irainangs program may ondy lead to neual adapiaiions and mot
1o i plhobogoic changres. Hence, it 18 concenvable that a longer
traindng period would huve been more beneficial in a study in
which changes in the anthropometne makeup of plavens was

=u | 413
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Physical and Motor Performance and Anthropometric Component Changes Due to 3 Combined Program

the amm However, there is no agreement between different
resenrchers oo nceming this aspect (2,30.40.56).

Pracrican APPLICATIONS

This study was the first to report on the effects of a combined
rugrly cxenchifioning and phrometne training poogram on the
plvacal motor peformance and anhropometne Comgo-
nents of undversty-level mugly plverns. The sudy memls
revealed that if the goal of traiming & to = gndfeantly improve
the speed, agility, and power of young rugby players, then
a dweek combined progrram o sport-specific oondit] ondng:
and plyometric raining can be implemented  Although not
atgmd fieant in alerng the overal]l amthmopometnce profile of the
nugrhy players, the dgnificant nesalis in some of the mesure-
ments do mndicate that certain anthropometnc components
might be poitively miflwenced by a combined sport-specifc
and phyometnc raining program However, the reslts of the
present study and those of Margues et al (35), Marie] ef al.
(36, Milwaldk et al (39), Paonvobinen et al (43.44), Witske and
Snow (64), Rahimd and Behpur (51), and Lusbbers o al (30}
anci et thuat @ o mbirsed sport-gpec fic oond Soningy and plyo-
mmedne iy program of 4 weeks may na be o dledne
in increaang all power-related and anthropometne compo-
nents as a longrer combined trainng program. Therelre, in
conchision, practitioners can apply plyometne training in
aport-gpecific programs noan attempt Lo inprove rughy per-
formance by increasing speed, agllity, and power in rughy
players. Future studies on rughy undon should probably rather
foeus on the poaslle nfluence of a combaned Ay oomdi-
tiairgy annvd lvometne trandng o e per ke Gulc:ome
of plovers Coaches, traners, and sport scentists of rughy
unkn teams can implement plyometnc traindng i their reg-
ular training programs, and we would agges a2 minmuem
traning perod longer than 4 weels.
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include a statement to the effect that the work reported has been approved by an institutional ethics
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Impact of an acute bout of vibration on muscle contractile properties,
creatine kinase and lactate dehydrogenase response
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Abstract

The aim of this study was to mses the effects of a bout of whole body vibration (WBV) on musde rsponse and to
determine whe ther this stimuhs leads to musce demage. Thirty healthy and physically active partc pants (mean +5 D age:
218+ 2.0 years; height: 176.7 + 5.5 cm; body mam: T6+6.8 kg and BME 23.1 +3.7 kg-m ) participated i this study,
Participants were randomly allocated n one of two groups, one of them performed a bout of 360 s WBY (fregquency: 30 He;
peak-to-peak displacement: 4 mm) (VIB) and the other one adopted a sham position (COR). Musde contractile properties
were amalysed in the rechs Emors (RF) by mwing tensiomyogrmaphy (TMG) 2 min before the warm-up and 2 min after
intervention. Muscle damage was msesse d by determining plasma creatine kinase (CE) and lactate de hydnogenese (LIVH)
levels at three time paints; 5 min befre warm-up and 1 h and 48 h after the intervention. TMG resuls showed a significant
decrese in maxmal dsplacement (f < 0U05) and delay time (p<0.05) m VIB and m delay time (@ <0005 and relasation
time (p<0.05) in CON. Musde damage markers showed significant group differences (p < 0.05) for CK 1 h after the
intervention. In addition, differences for CK 1 h after the intervention from baseline (< 0.05) wene also observed in VIB.
In conchsion, a G-min bout of WBY resulis in an incease of mimcle stiffness in BF and mncresed CK levels 1 h affer
intervention (reharning to baseline within 48 h).

Eeywords: Musde domage, tibration troming, tenstomnography

Introduction

Whole body vibmton (WBV) training & a relatively
new neuromuscilar tmining method thar & gaining
popularity. Studiss using vibrarion tmining have
shown differert effecis on muscle performance,
such & smength (McBride et al, 2010), jump abilicy
(Da Silva-Grigolemo, De Hoyo, Safiudo, Carason, &
Garda-Manso, 2011) and power owput (Da Sikva-
Grigolero et al, 2009, 20110,

Improvements in muscle funcdon with WBY
are thought to be associated with enhanced neural
excitation (Candinale & Bosco, 200% Rioweger,
Muschelknauss, & Fesenberg, 200%) and possibly
by increased reflex actvaton (Cardinale & Bosco,
2003%). Semsory receptors that modulae mmscle

stiffness detect this through reflex muscular actvity
and arempt w dampen the vibrawry waves
(Cardinale & Bosco, 2003). Every cycle of WBV
induces a successive and frequency-dependent
activation of the muscle spindles, which leads w
muscle contmction (Rizmann, EKramer, Gruber,
Gollhofer, & Taube, 2010). During the WBV
training, musde excitaton is trammined via Ia
afferents and genemtes numerows discharges ar
the s-motwoneuron pool, which lead w musde
stiffness o mirigate the wibration transmission
(Ritzmann et al., 2010). However, the adaptarions
following WBY are inconsistentdy reported in the
literamre (Rioweger, 2009). Recentdy, Rimmann,
Eramer, Gollhofer, and Taube (2011) showed that
after WBY the reflex response was depressed

Carrepondence: Moaisks Te Hoyo, Physical Bdneaion and Spare, University of Seville, Seville 41013, Spain. Bomail: dehoyoloradis =3

3 2013 Boropean Callege of Spart Sdence
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returning o baseline values afier just a few minures.
Thus, according to these authors, performance
improvements after WBWY are not likely o be caused
by spinal facilitadon, therefore an alternatdve
mechanism must be responsible for the perfor-
mance improvements reported in some smdies.

Poszible explanations for the reported irmpoove-
meni in msde funcion with WBY inchide the
effects of WBY on muscle temperaiure (Cochrane,
Smmand, Firth, & Rimweger, 2010) and some
authors anribure improvements o what they describe
as prat-activarion potentiation (PAP; Candinale &
Boson, 2003; McBride er al, 2010). The PAP is
commonly sssociated with 8 maximum or submax-
imal musde conmacton, which msuls in improved
musde msporse (Tillin & Bishop, 2009). The
mechanisms, which fadlime PAP, are relared o the
pheephoryladon of light chain regulatory myosin
(RCL), increased recruitment of motor neurons and
a possible change in pennaton angle However, a
previous stimulation could also lead o fatgue and
therefore, a subsequent maponse may be determined
by the PAP-fatigue balance (Sale, 2002). Conse-
quently, this phenomenon & similar 1o a bellshape
where muscle stiffness conributes 1o the potentaton
effects bur musde fatdge or even muscle damage may
decrase it (Hunrer et al., 2012). However, the links
berween muscle damage and musde siffnes are
not well defined, sevemal smdies seem to indicate a
clinically significant melatonship berween musde
stiffness and musde damage (Brocken, Morman, &
Proske, 2004; Hody, Rogister, Leprince, Wang, &
Crokier, 201 1; McHugh et al, 1999). In this sense,
McHugh etal (1999) demorsrated greater smrength
loss, pain, muscle enderness, and musde damage in
those participants with soff musdes compared w
those with compliant musdes. These authos found
that participants with stffer hamsiing musdes
experienced greatr muscle damage, despite exercs-
ing at the same relatve inensity.

One possible explanation to this intemction was
amribute to the presence of eccentric muscle con-
racions in WBY maining (Rittweger et al., 2003),
which am known tw induce, in some simarions,
muscle fibre damage (Zhou, Li, & Wang, 2011). In
this serse a significant comelation berween muscle
damage (plasma creatne kinase — CKE — concemira-
tons) and musde stiffness was found after intense
eocerric exercise (Hody etal., 2011).

On the other hand, in order 1o bemer undersand
this relation, several smdies have analysed the muscle
damage asocated with differemt exercise interven-
tons using biological markers wogether with strength,
stiffness, pain and elecromyographic response
(Chapman, Mewton, McoGuigan, & Mosaka, 2008;
Miyama & Mosaka, 2007). However, while markers
such as CK and LDH are commonly wed for

Trpacet of an acute bowr of vibrarion 66T

diagnosis of muscle damage, even afier WBY main-
ing (Gojanovica, Feihlb, Liandeth, Gremiona, &
Waeberh, 2011), rechniques 1o asess complemen-
tary muscle comrmctle propertes test are infre-
quenty used.

Recmiy, a new technique known as tersiommypo-
graphy (TM(E) is being wed in smdies focused on
muecle conmactile properties and funcrion in reporse
o a low-level elecrrical simuls (Tous-Fajardo et al,
2010). TMG uses a high precision (4 wm) digiral
pre-tension displacement tmmducer semsor placed
parpendicular w the muscle belly o record radial
musclk belly displacement (Humter et al, 2012).
TMG has also bemn used to asses the level of muscle
activatdon and even musde xifness in different
sporting activites (Garda-Manso et al, 2011; Erikaj,
Simunic, & Zagar, 2008; Rey, Lago-Potas, Lago-
Ballesteros, & Cashis, 2012). Moreover, this techni-
que has been used w offeaedy detea fatgue afier
cycling ar matimal oxygen uptake power ouput
(Carmsco, Safmdo, de Hoyo, Pradas, & da Silva,
2011) and following an ulma-endurance triathlon
(Garcia-Mamso et al., 2011). To our knowledge, only
Humter et al (2012) cormelated different TMG
pammeters with muscle damage measured with CE
levels afier an eccentric elbow fledon.

Therefore, and considering that none studies have
bem conducted after vibration and the causes of the
adaprations o WBW observed in tmining smdies
have not been pinpointed yer, the aim of the cument
study was to assess the dfecs of one bout of WBY
on muscle response and o determine whether this
stimuhis leads o muscle damage Comsequerntly, we
hypothesised that an acute bowr of WBY would
induce muscle damage (assessed by CK and LDH
lewels), accompanied by elevared muscle sriffness
and fatigue (assessed by TMG).

Methods

Parrici

Thirty healthy male volunteers were recruited for this
sudy (mean +5D; age: 21.82 4+2.01 years; height
176674570 cm; body mass: T6+6.8]1 kg and
BMI: 2314+ 3.66 kg-m"). Medical histors weme
reviewed by a physician to assess suiability for the
smdy. Bach subject complered “The International
Physical Activity Questionnaire” (TPAD); Craig et al,
200%) in order o determine the level of physical
fimess prior to the smdy, this allowed recruitment of
recreationally active subjects, according o the criteria
eamablished by Varo er al. (2003). Addidonally, sub-
jects with ogenaricular condiions (inchiding fracnire
or injury) were excluded. The study was conducred
according to the Declararion of Hekinki, and the
protocol was fully approved by the local research
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ethics commites before recuitment. After a derailed
explanarion ahoutr the aims, benefiz and risks
imvolved in this invesdgarion, all partcipans gave
wrirten informed comsent. Table T shows the descrip-
tve dara of the seleced parddpanis.

Study design and procedure

Subjecs were randomly allocated w one of two
different protocols: contmuous WBY protocal (VIB;
#=15) or a sham position (CON; »=15). All
participants were familisrised with the wvertical
vibrating plarform (ProS Airdapiive, Power Flare
Morth America, Inc, Northbmok, TL) and the
proper positioning. In the VIB group the WBVY
simulus was induced during 360 s w the plantar
surfaces of the feet at a frequency of 30 Hz with a
peak-to-peak displacement of 4 mm according w
that indicated by the mamfacmrer, considered the
optimal combination o ger the greater muscle per-
formance (Da Silva-Grigolerto er al, 2000, 2011).
COM participants received no vibraton (360 ). All
participants adopted a squat position, knes and
ankles flewed at 60F (knee extmsion = 0F) and 907,
respectively, as measured by an elecmonic goni-
ometer. This position was reported w be the one
where the deammyogmphic aciviry was highest in
the RF according to Rimmamn, Golhofer, and
Eramer (2012). To awid bruising, all parddpants
wore no sport shoes, All tests were preceded by
a S-min wamn-up consisring of cycling on a cycloerg-
ometer (Ergoline 900%, Erpometrics, Bit, Germany)
at 60 W and &0 rpm. The blood samples were
obtained 5§ min before warm-up and 1 hand 48 h
after intervertion and TMG s were performed
2 min before the warm-up and 2 min after the bour of
WEBV. All tess and interventons were performed art
the same time of day Participants were not allowed
corsume water and food during and umril 1 h after
the ntervention.

TMG mieqsurenients

Displacement-time curve recardings allow for musde
contractile properties o be assessed (Valendit &
Enez, 1997). The validity of the TMG pammeters
has been reported in previous studies (Krifaj er al.,
2008; P#or er al, 2008). Despite the sforementoned

Tahle I Ch ics of e partid

(Mean+ ST,

Body BMI
Age (yars)  Heght (cm)  mas 0g) Ogm™)

VIB 22124304 176214490 TT4+546 2365+3.48
CON 2087+ 1L69 176984607 754321 2324+01.8%

VIB =mvibraton gronp; OON soonmmal groop.

validity, some limitatons have been reported with
this technique. TMG-derived contractle parameters
were very sensiive to aliemdons in regard o inter-
elecrodes posidon and also wvariadons in muscle
response. The difficulies in meposiioning both the
sersor and the decrodes in the same area may also
affece TMG mesummens and may affect is relis-
bility. Finally, some other inrinsic factoms such as skin
conductvity, subcuraneous far thickness or motor
newve branching may als affec  inter-individual
varahility (Tous-Fajardo et al, 20010). Therefore, to
enaure the reiabiliy of the mesurement in the
current study we proceeded according to indicaions
proposed by the authors (Tous-Fajardo et al., 20010).

The main ourcome varables determined in the
current study were: maximal radial displacement
(Dvm), dme from the onset of elecrical sdmuls w
10% of Dm (Td), dme from 10 w 90% of Dim in the
ascending curve (Tc), dme berween 50% of Dm on
both sides of the curve (Ts), and time from 90 w
50% of Dm on the descending curve (Tr). These
ourcomes were previously sssessed in the literanire
with low D'm values indicating greater muscle stffness
(Dahmane, Valende, Knez, & Emen, 2001; Erids
etal., 2008; Valmdc, Enez, & Simunic, 2001; Rey
etal., 2012 Hunter er al., 201Z), meanwhile with
thes changes are associated with increments in Td
and Tr seems w indicate muscle fatdgue (Dahmane,
Dijordjevic, Simunic, & WValmde 2005 Gamis
Manso etal, 2011).

Radial displacements were measured under satic
and relaxed conditions, with the participant in the
supine position and the knee joint fived aran angle of
60° (07 comresponding o full eomsion of the knee).
The measured limb was positioned on a wedge foam
cushion w keep a fived knee angle. A digital dis-
placement ransducer (GE 40%, Panoptk doao.,
Ljubljana, Slovenia), which incorporates a spring of
0.17 N-mm™, was set perpendicular to the musde
belly o acquire radial displacement. Smsor locatdon
was determined anatomically according o Delagi,
Peroto, Imzem, and Maorrison (1975) and marked
with a dermatological pen. Two square (5= 5 om)
2 mm thick self-adhesive deamdes (Compex Med-
ical 8A, Beublens, Swimerland) were placed symme-
trically § cm (+3 cm) to the sensor tip.

A TMG-51 sdmulator (EMF-Fudan and Co.
d.oo, Ljubliana, Slovenia) was wed 1o nduce elec-
trical pulses (dumtion: 1 ms; inidal inrensine 30 md).
For each TMG sssessment inersity was progres-
sively inceeased (10 mA intervak) unril ther was
no further incresse in Dm or the maximal device
ourput (110 mA) was reached. Between consecurive
meguraments st periods of 15 5 were allowed w
minimise the effects of farigue and poendarion. In
any case, none of the participans reported discom-
fort during elecrical aimulation

212



Appendix C:

Submission guidelines for authors and article examples

Downloaded by [Morth West University] at 2329 27 November 2013

CK and LDH meadimenents

For the assessment of both ereymes, blood samples
(10 ml) were obmined from the antecubiral wein
before and 1 h and 48 h after a boutr of WEBWV.
Blood samples were dispersed immediately inwo a
mbe (5 ml) conmining pomssinm BEDTA 3K or an
eppendorf tube (5 ml) for haemoglobin concentra-
don and cell volume determination and swored on
joe [ —4°C). After 20 min of miding (Spiramix-10,
Denley Insruments, Sussex, UK), hasmoglobin
concentration (in duplicate by the cyanmethaemo-
globin method) and packed cell wolume (in wiplicare
by spun haematocrit) were measured to allow cal-
culation of changes in plasma wohime melarive o the
volume in different moment. Then blood samples
(5 ml) were cenrifuged ar 3000 rpm for 10 min at
20°C in a cenmrifuge AllegraTM X-12R (Bedoman
Coulver, Inc., Fullerton, CA, TTSA). After removing
the plasma, the aliquots were stored ar a wemperanire
of —8B0FC in eppendorf mbes bbeled for later
analysis. Measurements were carfied out by two
chairs Accelleraror Core-Lab (Abbott, Chicago, TL,
USA), each composed of six analyzers: three eams
Architec i2000 immunoassay and thee Architect
cl6,000 speamphotometry (uwsed in the CE and
LDH analysis). In each biochemical quanrity gauges
were wsed and reagents spedfic o the commerdal
house. All parameters have been subjeced o daily
internal quality contral of Inter-QC (VITROS®)
and monthly extemal quality control of the Spanish
Society of Clinical Biochemistry and Molecular
Pathology (SEQC).

Stavistical analyses

Means and smandard deviations of the mean (S5D)
were calculated for each variasble MNormality was
checked using the Kolmogorov-Smirnov test and all
variahles were normally distribured. A 2 =2 analysis
of variance (AMOWVA) was performed w compare
THMG measurements berwesmn protocol (WVIB and
COM) and moment (before and after inverventon).
A& 2 3 pepeated measures ANOWVA was performed
o compare changes in the muscle damage mzymes
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and hasmoglobin concemtmtons and hasmatocrit
levels berwesn protocols (VIB and CON) and
moment (before, 1 h and 48 h after interventdon).
When a significant F-value intermction was achieved,
a Tukey post hoc wsr was wed 1o examine where
significant differences occurred. The level of signifi-
cance was ser ar p-<0.05. All amalyses were per-
formed using SPSS w18 (SPSS Inc, Chicago, IL).

Hesults

Table IT represemnis the TMG response on BF hefore
and after the inerventions. ANOWVA test showed no
significant inter-group differences before and afier the
interventon. Inrm-group analysis revealed starstcally
significant changes for Dm [ —22.78%; F(1,29) =
6. 718; p<0.05) and Td { —7.45%; F(1,29) = 5.289;
£ =0.05) in the VIB group, while significarn differ-
ences in Td (—8.96%; F(1,20) = 6070, p<0.0%)
and Tr ([ —41.54%; F(1.29) =4340; p <005 wer
observed for the CON group.

Mo significant differences in percentage changes in
haemoglobin and haemarocrit levels berween inrer-
vertions and time poinie considersd were found.
Figure 1 shows the vime course of CE and LDH in
both groups. AMOWA st showed no significant
group intemction on both CE and LDH levels
before the nervention However, significant differ-
ences were observed for CKE 1 h after interventon
(p =0.05), although these differences were not found
at 48 h The group by moment analywis showed
significant differences for CE 1 h afier interventon
in the VIB group (+11.05+2.03%; F1.29 =
4.289; p = 0.05), but not for the CON gmoup. There
were no significant differences in the LDH levek at
any of the measirement time poinis

Discussion

This smdy aimed o assess the acure effect of a bout of
WEBY on muecl siffness or local muscle fatigoe
assessed by TMG. In addidon, we wanted to deter-
ming whether confinuos exposure w WBY might
case a change in muscle damage markes (CE and
LDH). Resulis showed a significant decrease in Td in

Tahle II. Temsiomyographic parameres from rects famors in VIB and CON groups (AMean +51)).

Dim (mamy Td (ms)

Te (ms) T (ms) Tr (ms)

FRE POST p» FRE POST

PRE POST

FRE POST p PEE POST

VIB 903+ TO5+ 0015 4+ 20173+ 0029 3082+ 2M8T+ 0408 12005+ 89062+ 0142 TIA2+ 4396+ 0086

212 226 194 217 671

294 G163 47.60 L= )| 3462

CON 951+ 775+ 0112 2565+ 2153+ 0020 3097+ 3001+ 0382 11795+ 9630+ 0272 TS0+ 4390+ 006

.77 306 187 217 4.14

6 5203 5360 4004 32354

VB =mvibration gronp; OON soomral groop; To s onmoraonion tme; Ts

Td =deay fme.

in rime; Tr .} jon fme; Din = mawimal dis placemsny
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Figure 1. Changes respect preest on cremine kdmase (A) and
hcmte delpdrogenase (B) leveks | hand 48 h afer immervendon
e + S

}Emn imrergroup  diffsences  (p 00005 messmred by
AMOVA rest; #Signifirant intragronn diffsences (p.c0.05)
mesmmred by ANOWA DT

bath groups but also in Dm for the VIB group and Tr
in the COMN group. Resulis ako showed a significant
increase in CK levels 1 h after intervention for the
WIB group. In additon, analysis 48 h after exposure
showed thar CK remmed to baseline levek in both
groups. & sgnificant group by moment intemoion in
CK was found 1 h after the intervention, while non-
significant effects for LDH were reported.

Anthors such as Krikaj eral (2008) indicated that
TMMG pammeres are very sersitve to muscle fadgue
and powentiatdon. Comsistent with this smement
several authors mepored that Dm, Ts and Tr are
the moa accumie indicarors (Dahmane et al., 2001,
2005; Garcia-Manso et al, 2011; Valendc et al,
2001). Thus D, which could be equated 1o elec-
wically evoked peak twitch torque, is derermined by
baoth the mumber and the ype of muscle fibres
recruited by the electrical stimulus, and could be
considered as a meassure of musde belly sdffnes
(Pifor et al., 2008). In this sense, a decrease in Dm
after an exercse may indicate an increase in muscle
tone and greater muscle stiffness (Hunter et al.,
2012). Another possible explanation to this response
is the exercise-induced muscle damage, & some of
the myofilibmen= became acutely stretched during
the eccentric conractions and can no longer ovedap
due 1o imhomogencides within the sarcomere
(Proske & Allen, 2005). This pmoss causes an

increased tersion in the passive cellular structures
(Mormgan & Proske, 2004) and consequently could
lead to a Dm decrease (Hunter er al, 2012). More-
over, some authors have found an ssodation berw-
een muscle farigue and a decrease in Dm (Carrason
et al., 2011; Garcia-Marso et al., 2011). However,
this response & not consitent with our resuls due w
other comtmetion dme parameters such as Ts and
Tr are neaded to complement this resporse (Fridaj
et al., 2008). Thus, when the musde fatigue appears,
a decreased in Dm together with an increased in Tr
and Ts can be observed (Eridaj er al., 2008). In this
sense, Simunic, Rozman, and Pisot (2005) Leer
fontcamfound a decrease in all temporal oucomes
after a non-fatguing exercise; by conrrast, when the
exercise resulied in muscle fatgue these time para-
meters increased. In the curremt sudy, one may
consider thar the decrease in Dm, but ako in some
tempaoral parameters, could indicate greater musde
stiffness in VIB for BA bur not a sign of local musde
farigue.

Taken into account the above-mentioned responses,
it would be imteresting o hypothesise the possible
link berween TMG paramerers and musde damage
biological markers. lndeed, in a recent smdy, Hunter
et al. (2012) mlared a decrease in Dm with musde
damage messured with CE lewls after an elbow
flexor eocentric exercise. A similar response was
observed in our smdy where the decreases in Dim
were accompanied with significant increases in CE
levels 1 h after the interventon in the VIB group.
This & in agreement with Spimenpfel, Schwarzer,
Fiala, and Mester (1909), who analysed the effect of
a 21 days srength-training programme (36 smssions)
on musde response. When the smength tmining was
combined with vibradon (24 Hz and 2.5 mm) a
greater inoresse in the CE levels was olserved
when comparing with the smength raining alone.
However, the toml load used by Spimenpfel et al.
(19949) was greater to the one applied in our cumrent
study and considering that these authors eported a
short-term impairment in musde function, although
an adaptive long-term response, it may be consid-
ered that a greater WEBV stimulus could lead o an
increase in this muscle damage response. In this
line, Gojanovica et al. (2011) showed an increase in
CE levds after a WBYV bowr (26 Hz, 15 mm)
measured berween 24 and 72 h post-exercise. How-
ever, this response only was only observed in 25%
of partddpants. Differences in WBYV  protocols
and other methodological ssues can explain these

A similar response to our study has been reported
after different strength training protocols. Hurley
et al. (2007) meported peak CK levek a few hours
after performance of srengthening exercises, and it
was ako reported that afier a passive ecovery these
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levek might be devated up w 24 h (Bmncacdo,
Maffulli, Buonauro, & Limongelli, 2008). Resksrance
exercise protocok that involve exclusively eccentric
muscle actions (Paschalis er al, 2007) cause more
susrained musde damage vs. mwaditional ressrance
exercise protocols that involve both concentric and
eocenirc muscle acions (Rodrigues er al., 2010).
After ecoentric exerdses the enzymatic levels can
be devated even T2-06 h afier the imervenrion
(Zhou et al., 2011). For this reason, and taking
into acommt the eccentric component of the WEBY
(Rimweger, Beller, & Felsmberg, 2000; Rimweger
etal., 2003), we can speculate that our load
(ntcmy or duraton) was not enough 1o induce
significant muscle damage 48-h pos-eowercse. As
participants in this curent smdy were physically
active, this may have provided a protecive effec or
may result in musde damage markers being perma-
nendy elevated (Krae e al, 2002). I may be the
case, therefore that the changes identified afier
exercise may be lower on mrained subjects than on
unrmined subjecs (Garry & McShane, 2000).

As a nowely in the current study we measured
muscle damage by means of plasma TDH lewvels. To
our knowledge this is the first study conducred w
assess this maponse after a long bout of WEBY. Only
Gojanovica et al. (2011) evaluared the response of
LDH after intermirters WEBY prowool and neither
observed changes in this biomarker. While thi
response is not apparemt after WVB, different studies
have analysed the relarionship between LHD and
smrength raining reporting smtstcally significant
increases 24-72 h afier imtervention (Rodrhigues
etal., 2010). Mormally, serum LDH activity has
been shown to be elevaed 24 h after bows of
exerciee and & maintained for 48-72 hours (Bessa
etal, 2008). In additon, serum CE activity increases
w4 greater extent va. the serum actvity of other
muEcle proteins such s LDH (Bessa et al, 2008). In
fact, afier a tmdidonal srength waining, CE levels
tend o incresse (Rodrigues er al., 20107, whereas
LDH levek eshibit lower fluicmuaton (Rodrgues
et al., 2010). This response & similar to thar observed
in the presert smdy, where stataically significant
changes were only observed for CK and not for LDH.

At this point one may wonder why previows
smdies recommended WEBV for muscle damage pre-
venton (Aminian-Far, Hadian, Olyad, Talebian, &
Bakhriary, 2011) while our resulis indicate possible
hazards effects. Tt must be noted that WBY increases
muscle spindle activity and muscle pre-actvarion
which resulis in greater badkground wemsion and
less disruption to exdmton—conimcion coupling
(Arninian-Far et al, 2011; Bakhriary, Safavi-Farokhi &
Aminian-Far, 2007). Theoretically, with an increase
in musde pre-activaton, a greater number of motor
units and musde fibres would be recruited, which
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may reduce myofibrilar stess during mepeated
musde contractions, leading 1o accelerate recovery
(Foosar, Purland, & Candow, 201 1). Thus, unrmined
aduls who mainrained a static half-squat position for
60 = on a WBV pladorm (35Hz, 5 mm) prior m
peforming 6 sets of 10 maximal voluntary isokinetic
eccentric knee eensors contmcions experienced a
decrease in CK levels and soreness compared to
particdipants who did not peform WBY  before
exercise (Aminian-Far et al, 2011). Furthermore,
when the effects of vibratdon therapy (50 Hz for 60 s)
are maessed prior o walking downhill in young
aduls, Bakhriary er al. (2007) discovered that
WEBYV msuled in a significant eduction in musde
soreness and subsequent decrease in plasma CE
levels post-ewerdse compared o subjecs who did
not perform WBY. These resulis conrrast with the
finding reported in our smudy and suggest that WBY
is an offecive inerventon to amenuate musde
ever, it must be raken into account that in these
studies the vibradon somuli was lower (60 5], which
may explain the differences shown with our study
(360 s); it appears that when the duradon of the
srimuhis is higher the effecs are tomlly opposive.

In conchision, our resuls dearly show an elevaton
of CK activity 1 h after WBWY in the VIB group and
an immediate increase in musde stiffness. However,
amending o TMG analysis, we cannot confirm the
presence of local musde fatgue. Ako, our nerven
tion induced a tmnsient effect on CE response so
plasma levels of this enzyme returned 1o hasal values
48 h afier WBV axposure. Prohably, higher intensity
bous of WEBY (higher frequency and grearer peak-
to-peak displacement than those wed in our smdy)
could provoke remarkable musde fatigue and musde
damage. In any case, our resulis can help profes-
sionals in the prescription of safe WBY protocols for
a wide spectrum of popularion
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