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Institute for Sport Science and Development
Instituut vir Sportwetenskap en -ontwikkeling

General information, informed consent and heart rate and graded maximal
test values protocol to determine rugby game intensities.

GENERAL INFORMATION

Please write clearly!

1. GEOGRAPHICAL INFORMATION

NORTH-WEST UNIVERSITY

n YUNIBESITI YA BOKONE-BOPHIRIMA
NOORDWES-UNIVERSITEIT

POTCHEFSTROOMKAMPUS

1.1 Surname: Initials First Name
1.2 Age:

Years: Months:

1.3 Birth date:

Year: Month: Day:

1.4 Job description (cross out the one that is applicable):

Student

Part-time employment

*Full-time employment

*Major sponsorship

* Please specify if you marked any of these two options:

1.5 Permanent residential address in South Africa:
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1.6 Permanent postal address in South Africa:

1.7 Phone numbers:

Home: Work:
Fax: Cell:
E-mail:

1.8 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

78




Appendix A:
The demographic and general information questionnaires, informed consent and
standard incremental treadmill test data collection forms

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:

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:
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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 are your most important competitions this year and when will it take place?

No. of Competition Date
importance

1
2
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3

4

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

1.
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ISSDISWO n NORTH-WEST UNIVERSITY
YUNIBESITI YA BOKONE-BOPHIRIMA
/;’2 LU NOORDWES-UNIVERSITEIT

/ POTCHEFSTROOMKAMPUS

Institute for Sport Science and Development
Instituut vir Sportwetenskap en -ontwikkeling

CONFIDENTIAL

Informed consent form

PART 1

1.

School/lnstitute:

School for Biokinetics, Recreation and Sport Science and The Institute for Sport Science and

Development.

Title of project/trial:

The use of heart rate and graded maximal test values to determine rugby game intensities.

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
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7. Aim of this project
The aim of this study is:

e To determine the intensities of tertiary institution rugby games when making use of heart
rates and graded maximal test values.

¢ To determine the positional differences in tertiary institution rugby game intensities when

making use of heart rates and graded maximal test values.

8. Explanation of the nature of all procedures, including identification of new
procedures:

a) Collection procedures and selection of rugby players.
The test subjects will consist of players from the first and second rugby teams of the North-
West University. In order for the players to be included in the study, they must spend at least
80% of the game on the field. Any players that do not adhere to this criteria, will be excluded

in the study. Thus 22 players will be monitored for the duration of the game.

b) Procedures

1. Demographic and general information questionnaire

A demographic and general information questionnaire will be used to collect the players’
demographic and personal information (age & ethnicity). The players’ exercise habits, injury
occurrence and competing levels will also be obtained by means of this questionnaire. The

VO, data will be collected through a test battery.

II. Standard incremental maximal oxygen uptake test (SIMOUT):

A standard incremental maximal oxygen uptake (VOzmax) test (SIMOUT) will be conducted
by means of open-circuit spirometry. Each of the players will perform the SIMOUT to the
point of exhaustion on a Woodway Pro XL treadmill (WOODAY, W229 N591, Foster Ct,
Waukesha, WI). At commencement of the SIMOUT the first 2 minutes will be performed at 8
km/h after which the treadmill speed will be increased to 10 km/h and by 1 km/h every minute
after the first two minutes. Expired air will continuously be sampled by an Oxycon Pro static
ergospirometry system (Jaeger Oxycon Pro, Viasys, 22745, Savi ranch parkway, Yorba
Linda, CA, USA) and the rate of oxygen consumption (VO,), carbon dioxide production
(VCO,), minute ventilation (Ve) and the respiratory exchange ratio (R) will be calculated
every 5 seconds by an on-line computer system. The Oxycon Pro will be calibrated according

to the manufacturer’s specifications at the beginning of each test day. The test will be stopped
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if the rugby player indicates that it must be stopped or if the criteria for reaching the VOymax
value is achieved (McArdle et al., 2001:33).

Ventilatory threshold point (VTP) and respiratory compensation point (RCP)

Two physiological gas exchange points will be identified. The VTP will be determined using
the criteria of and increase in Ve/VO; with no increase in Ve/VCO, and departure from the
linearity of Ve (Chicharro et al., 2000:452). The RCP will be taken as the point which
corresponds to an increase in both Ve/VO, and Ve/VCO; (Chicharro et al., 2000:452). VTP
and RCP will be visually detected by two independent experienced observers. Throughout the
test, heart rate will be recorded for each 5 sec period by means of a Fix Polar T61 Heart Rate

Transmitter Belt (Polar electro OY, Kempele, Finland).

The different gas exchange phases will be used to determine the heart rates that correspond to
the three exercise intensities (Chicharro et al., 2000:451). Heart rates that correspond to the
exercise intensities below VT will be classified as low intensity heart rates; heart rates that
correspond to the exercise intensities between VT and RCP will be classified as moderate
intensity heart rates and heart rates that correspond to the exercise intensities above RCP will

be classified as high intensity heart rates.

III. Rugby game heart rates:

The heart rate of each player will be recorded at 5 second intervals during three matches using
the Hosand TM Pro telemetry heart rate monitoring system (HOSAND technologies Srl,
Verbania, Italy). Recordings will be made for the matches of the first and second team of the
North-West University respectively. An electrode belt will be strapped around the chest at the
lower sternum of each player before the start of each match. The heart rate signal will be

downloaded to a PC during each of the matches.

IV. Test protocol
The players will undergo two days of testing. A SIMOUT will be performed on day one

which will fall in the week between match 1 and 2. The 3™ match will take place
approximately a month later. Another SIMOUT will be performed three days before match 3
takes place.
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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 sustain slight muscle injuries, experience a bit of muscle discomfort and

nauseca.

10. Precautions taken to protect the subjects:
The players will perform a proper warm-up before the SIMOUT commences 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 might point to possible rugby game intensities, as well as game intensity
differences between playing positions. This will also help coaches to plan their season

correctly in order to optimize performance for their players.

12. Alternative procedures which may be beneficial to the subjects:
(Complete only if applicable.)
The physiological measurements will give the players and researcher an indication of the

importance of different energy systems contributing to rugby games.

N 124 1 2111 1 R Date: 18/05/2009

Project leader
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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 our 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 use of heart rate and graded maximal test values to determine rugby

game intensities.

I, the undersigned ...........oooiiiiiiiiii e (Full names)
read/listened to the information on the project in PART 1 and PART 2 of this document and I
declare that I understand the information. I had the opportunity to discuss aspects of the project
with the project leader and I declare that I participate in the project as a volunteer. I 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 ..o 0] 1
Witnesses

L e
ettt

Signed at ..o 101
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For non-therapeutic experimenting with subjects under the age of 18 years the written approval

of a parent or guardian is required.

L o e et esiee s esenee . (FULL Names)
Parent or guardian of the subject named above, hereby give my permission that he/she may
participate in this project and I also indemnify the University and any employee or student of the
University, against any liability which may arise during the course of the project.

SIZNALUTE: ..ovviiiiiiieieeieieeeeete ettt Date: ..

Relationship: ......................
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ISSD ‘ ISWO n NORTH-WEST UNIVERSITY
’ » YUNIBESITI YA BOKONE-BOPHIRIMA
/ > LU NOORDWES-UNIVERSITEIT
/ POTCHEFSTROOMKAMPUS

Institute for Sport Science and Development
Instituut vir Sportwetenskap en -ontwikkeling

VO).x PROTOCOL
NAME AND SURNAME M |F
AGE
DATE BIRTH
TRIAL 1 TRIAL 2 AVERAGE
STATURE (cm)
BODY MASS (kg)
VO2max
LEVEL SPEED HEART RATE
(KM/H)

1 8-10

2 10-11

3 11-12

4 12-13

5 13-14

6 14-15

7 15-16

8 16-17

9 17-18

10 18-19

11 19-20

12 20-21

13 21-22

14 22-23

15 23-24
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T LT LT

]-::_'11.|J of Sremgth and (Coeitioning Hearch

Manuscript Submission Guidelines

Authors should submit the original file in one of the following formats: Microsoft® Word®
(.doc, .rif, .txt), Corel® WordPerfect® (.wpd, .rif, .txt), or Adobe® Acrobat® (.pdf).

You must submit the cover letter, copyright release, and manuscript separately to
separate identifying information from the manuscript.

Manuscript must match JSCR formatting, including terminology use and units.

Please attempt to keep all figures and tables in a single file (instead of submitted as
separate attachments). We prefer that each diagram be pasted into a PowerPoint
presentation. Ensure all figures are labeled and referenced in the manuscript.

IRB approval must be mentioned.
If you use Microsoft Word, save in the .doc format.

Cover Letter: 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.

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, Wellcome Trust,
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Howard Hughes Medical Institute, or other funding agencies to PubMed Central. The
revised Copyright Transfer Agreement provides the mechanism.

Copyright Form: The National Strength and Conditioning Association must receive in
writing the exclusive assignment of copyright from all authors at the time of manuscript
submission. This form can be found at http:/journals.lww.com/nsca-
iscr/Documents/copyrightTransfer.pdf. If only one author signs the copyright
assignment form, such author warrants that he/she is the duly authorized agent of all
other co-authors. Your manuscript will not be published if a signed copyright release
form is not returned. Please return your original signed copyright assignment form to the
editorial office at the time you submit your manuscript. Please keep a copy for your
records. Manuscripts are considered for publication on the condition that they are
contributed solely to the JSCR and, therefore, have not been and will not be published
elsewhere, in part or in whole. Manuscripts containing data that have been posted to the
Internet for public access will not be considered for publication. Copyright forms can be
faxed to 860-486-6898 or 860-486-1123.

IRB: 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.

Authorship: 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/.

Formatting and Units: All manuscripts must be double-spaced with an additional
space between paragraphs on 82 x11-inch paper. The paper should include a minimum
of 1-inch margins and page numbers in the upper right corner next to the running head.
Please use a font of at least 12. Authors must use terminology based upon the
International System of Units (Sl). A full list of SI units can be accessed online at
http://physics.nist.gov/. Manuscript identification numbers (e.g., R-12034) will be
assigned to each manuscript, and should be placed on all revised manuscripts and
used along with the manuscript title for all communications with the Editorial Office. Any
revision should have the revision number placed after the manuscript number, (e.g., R-
12034, Revision 1).

Language Use: Again 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®,
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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."

Manuscript Format Guidelines

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);
Welcome 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 for reviewer copies.

3. ABSTRACT and Key Words

On a separate sheet of paper, the manuscript must have an abstract with a limit of 275
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. Do not end with statements such as "will be
discussed."

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. Limit information that is "chapter like" in nature as this is
not an exhaustive review of the topic. Focus the studies lending support to your
hypothesis(es) and giving the proper context to the problem being studied. In most
cases use no subheadings in this section and try to limit it to 4 — 6 concisely written
paragraphs.

B. METHODS
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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. After reading this section another investigator should be able to
replicate your study. Under this subheading you can add others but please limit their
use to that which makes the methods clear and in order of the investigation (e.g.,
Biochemical Assays or EMG Analyses); "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

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. Place descriptive
data about subjects in the METHODS section under the subheading of Subjects. Make
sure that you cite each Figure and Table, and in space between paragraphs indicate
roughly where you want each Figure or Table to appear (e.g., Table 1 about here)

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 that 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. This section of the
paper should speak directly to this audience and not to the exercise or sport scientist.

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 40 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.
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Changes to references at the proof stage, especially changes affecting the numerical
order in which they appear, will result in author revision fees. Below are several
examples of references:

Journal Article
Hartung, GH, Blanco, 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. Richardson, JK
and lIglarsh, ZA, eds. Philadelphia: Saunders, 1994. pp. 159-199. Software
Howard, A. Moments [software].  University = of Queensland, 1992.

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. Tenenbaum, G and
Raz-Liebermann, T, 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. Acknowledgements

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. Authors are required to state in the
acknowledgments all funding sources, and the names of companies, manufacturers, or
outside organizations providing technical or equipment support. In particular, authors
should: 1) Disclose professional relationships with companies or manufacturers who will
benefit from the results of the present study, and 2) 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

First, create a page entitled "Figure Legends" in which each of the figure legends are
listed. Include this page in your manuscript document. Next, place each of the figures in
a PowerPoint presentation if possible. All figures should be labeled and each figure
must be referenced in the manuscript. All figures should be professional in appearance.
They should also be viable for size reductions to fit manuscript space allocations. One
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set of figures should accompany each manuscript. Use only clearly delineated symbols
and bars.

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)

Adobe Acrobat (.pdf) (use Press setting under Job Option)

lllustrator (.ai)

Macromedia FreeHand (.fh)

Corel Draw (.cdr)

Canvas (.cvs)

PowerPoint (.ppt)

Word (.doc)

Excel (.xls)

InDesign (.id)

PageMaker (.pmd)

QuarkXPress (.gxd)

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.

Please also attempt to format tables into the PowerPoint presentation and include a
title. If necessary, tables can be added to the end of the manuscript, but must be
double-spaced 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.

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,"

97



Appendix B:
Submission guidelines for authors and an example of an article: Journal of Strength
and Conditioning Research

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.

Manuscript Format Checklist

Approval by Institutional Review Board
Manuscript contains the following sections (in order)
Title Page

Blind Title Page

Abstract and Key Words

Introduction

Methods

Results

Discussion

Practical Applications

References

Acknowledgements

Figure Legends

Figures

Tables

Manuscript Submission Checklist

Cover Letter

Completed Copyright Assignment Form

Original Manuscript, including IRB reference and references to all figures.
Figures, in a single powerpoint presentation if possible.

Terminology and Units of Measurement

98



Appendix B:
Submission guidelines for authors and an example of an article: Journal of Strength
and Conditioning Research

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 ins Sport and Exercise, the JSCR Editorial
Board endorses the use of the following terms and units.

The units of measurement shall be Systeme International d’Unités (Sl). 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"*e"

The basic and derived units most commonly used in reporting research in this Journal
include the following:

mass—qgram (g) or kilogram (kg); force—newton (N); distance—meter (m), kilometer
(km); temperature—degree Celsius (°C); energy, heat, work —joule (J) or kilojoule (kJ);
power—watt (W); torque—newton-meter (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).

Selected conversion factors:

1 N =0.102 kg (force);

1J=1N-m=0.000239 kcal = 0.102 kg'm;

1 kd = 1000 N'm = 0.239 kcal = 102 kg-m;

1W=1Js-1=6.118 kgrm'min-1.

When using nomenclature for muscle fiber types please use the following terms. Muscle
fioer types can 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 llb (fast twitch) forms. The work of Smerdu
et. al (AJP 267: C1723, 1994) indicates that type llb fibers contain type lIx myosin
heavy chain (gel electrophoresis fiber typing). For the sake of continuity and to

decrease confusion on this point it is recommended that authors use lIx to designate llb
fibers in theie manuscripts.
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EFFECTS OF A SHORT-TERM AQUATIC RESISTANCE
PROGRAM ON STRENGTH AND Bopy COMPOSITION IN

FiT YounGg MEN
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ARSTRACT

Caolada, 1C, Talla, V, Triplstt, NT, and Gonzalez, LM, Effects of
& short-term aquatic resistance program an strength and body
compaaition in fit young man. J Srength Cond Res 23(2): 540
553, 2009=This study was designed to analzs the effiects of
& shaort-tem periodized aquatic resistance program (PARF) on
upperdimb maszmum strength, kg musculsr powsr, and body
composition (BC} in fit young man, Twenty subjects (21.2 =
1.17 years} wers randomly assigned to an exerciss or control
group; 12 subjects complated the atudy, The anuatic sesrcise
group [AEG; n = 7) participated in an S-week supervisad
program of 3 dwk™', and the contral group (CG: n = &)
maintained their regular activities. The PARP consisted of
atotalbody resistance sesrcizs workout wsing aquatic devices
that incresssd drag force, with 2 cadence of movement
canfrolled and adjusted indiiduslly for sach szsrciss and
subject. The volume and intsnsiy of the program were
increassd progresavely. Submazimal tests were camed oot
to determing the changs in upperdmb mazmom strength, a5
well 23 2 gquatjump test to detemine the change in leg
muacular powsr, Four skinfold stes 6 circumfsrence sites,
body weight, and atature were usad to determing changss in
BC. A significant increass in upperdimb mazmuom strength and
l2q muscular powsr was obaerved for the AEG. A signifcant
increass also wes noted in the cirocumference and muscular
arza of the am, and there were significant decreasss in
pectoral and abdemingl skinfolds. Meverthsless, the circumfar
anca, muacular arss, and kel fat of the lowsr imbs did not
change. There weare no significent changes in any vanzbles
in the Ci5. Thess results indicste that the PARP produces
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2321 5a50
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significant improvements in muscular strength, power, and
fatfree mass and, thus, ssems to be a very effective fom of
regiEtance SEaniss,

Key WorDs drag force, monitored cadence of movement,
periodized

INTRODUCTION

oth the number of phyzical conditioning activities

camied out in water and the number of those

exercising have significantly incressed in the

United Statez and Euwrope in recent decades.
The phyziological and articular benefits offered by the specific
properties of this medium (7.38) may have promated this
ncrease These activities have tmaditionally been aimed at
and prescribed for those populations with some kind of
disability. However, they are currently uzed both to improve
the physical condition of healthy individuals whao regularly
take part in recreational training (%) and as a complement
to improve the pedformance of athletes (5162527 33).
Although the physiological responzes, effects, and benefits
offered by performing aerohic ecercises in water are well
known (8,15), studies are lacking on the potential effects of
a program of resistance exercises in water (32 The abzence
of methodological criteria with which to control resistance
objectively and progressively while performing these exer-
cises [30,31) may be one of the reasons for this, and as a result
this type of training has not been recommended by academic
profezsionals or used by practitioners.

In general terms, the same program design recommends-
tions should be followed for the specific application of
strength training programs in water (31,36). Therefore, to
design a strength tmining progmam in the aquatic mediom,
studies (6,7.9,10,12,17 23 28 30-32 36 38) have recommended
that it iz essential to achieve the combined control of i) the
pace of the movement, i) the size of the aquatic devices
that incregse the drag force, iif) the length of the lever of
the limb being exercised, ivh the hydrodynamic peeition of the
segment mohilized and the aquatic devices wed, and v) the
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peformance of a targeted umber of repetitions based on
the desired goal. In addition, it should be pointed out that in
all cases the individuals exercizsing camy out the movements
with the aquatic devices at a pace determined by a cadence of
beats per mimute that has been previously identified on the
basiz of the predicted targeted number of repetitions. It has
been shown that the workload in water is always similar as
long 2 the movement iz performed at the same pace and
under the same exercize conditions (7,12). Thus, to increase
the resistance offered by the water, either the pace per mimte
must be increased or the area of the agquatic device must be
increased (7). Therefore, ohjective critenia exist with which to
quantify the progressive increase in the “load” or resistance,
marked by the propozed pace per minute and the aquatic
device wsed (7). The moment when neither the pace nor
comect performance can be maintained definee when
muscular actions are inadequate for the stimulus 2%,

Mo scientific studies have examined the basic aspects of the
design of resistance programs in combimation with the uwse of
adequate aquatic devices and the performance of movements
according to a previowsly evaliated pace. Although several
studies have confirmed the positive adaptations caused by
aquatic resistance exercises (3,373%, many of them display
methodological shorteomings when it comes to contmolling
the resistance generated by the exercises both immediately
and in the long term as well as wually beng applied to
untrained middle-aged or older subjects with whom it is easier
to cause certain adaptations in the early stages of strength
training programs. Therefore, to analyze the effects that an
aquatic resistance program can have on fit young men regard-
ing maximum strength, muscular power, and body compo-
sition (BC), a mndomized and supervized study was carried
out for which a method was designed to adapt and contraol
exercise intensity ohjectively. The hypothesis of the cument
study was that aquatic resistance training can generate posi-
tive newrormiscular adaptations in it men if the resistance
applied to the training movements i controlled by a specific
cadence of movemnent for each exerdse and subject according
to the targeted number of repetitions initially prescribed

MEmODS

Experimental Approach to the Problem

In accordance with the methodology proposed by Kraemer
etal. (23) for using elstic devices for strength training, in this
study a specific cadence of movemnent using the same aquatic
device to ncrease drag foree was used to complete an § o
12-repetition maximum (BM) range with a Ii-repetition
target. To this end, a cadence of movement was identified for
each subjed in the aquatic exercise group {AEG) that allowed
the subject to achieve the amount of resistance needed to
maintain the targeted number of repetitions (EM zone = 2
rep) while wing gond technique. The subjects trained using
an acoustic metonome throughowt the training program,
with each indwidually following the initially identified cadence
of movemnent for each exercise. Whenever necessary, greater
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regstance was provided by using a faster cadence of
movement to maintain the targeted mumber of repetitions.
At least 1 traned monitor was always present to cormobomate
the comect application of thiz methodology. Muscle function
and BC weme tested before and after the resistance traming
program to determine its effects. Al measurements and
practical procodures were always camied out by the same
resgarchers, all of whom had experience with this kind of trial
All subjects were contimually encouraged, and the hboratory
conditions were always the same. Pre- and posttests were
filmed, and the film was then chedied to ensure the validity of
the pmeedures followed The study was approved by
a research commizsion and by the Department of Physical
Education and Sports from the University of Valenda (Spain).

Subjects
Twenty men volinteers from third-year students at the
Faoulty of the Sciences of Physical Activity and Sports at the
University of Valenda (Spain} were randomly assigned into
a control group (CG; § subjects) and an ARG (12 subjects),
with no significant differences (# = 005} in any intergmoup
basdine measurement. All subjects were physically adive as
they performed 508 * 15 d-wk ™ of varied physical training
at moderate intensity for at least 20 minutes, and all had done
zo for at least & months before the study. They did not
nomally perform resistance exercizes on dry land. and they
never had performed aquatic resistance exercises. All subjects
signed an agreement by which they committed themzdves,
for the duration of the study, not to carry out any specific
physical activity for strength training i their free time, to
maintain their hahitual lifestyle and eating hahits, and not to
take performance-enhancing substances (after prior corrob-
oration that they never had taken these substances). The
subjectz did not suffer any cardiovascular, newmomuscular,
orthopedic, or peychological disorders. All subjects were
informed of the nature of the study before volinteerng to
take part in it. To evahate any possible interference with the
training program followed in the study, and to better
understand certain results obtained, each subject was
supplied with a diary in which he listed the type of physical
activity he had carried out during the day, hiz diet, his rest
periods, and his feelings during the aquatic resistance training
sezsionz. Fimally, after the usual withdrawaks and diminations
associted with any unrermmerated experimental study, the
firal make-up of the groups was as follows: a) ARG » =7,
21 % 1 years, 173 96 = 497 em, 7343 = 797 kg b) CGrw= 5,
214 + 134 years, 17612 = 408 cm, 76.38 * 503 kg

Body Composition

All measuwrements were carried out by the same fully trained
individual under identical envimnmental conditions using
exactly the same instruments. A Harpenden skinfold caliper
was used to measure skinfolds, and the average of 2 trials was
used except in the cazein which the measuremnents differed by
more than 20 mm In this case, a third messurement was
obtained, and the mean wvalie was used The skirdolds
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measured were those of the right-hand side of the chest,
abdomen, and thigh, following the wsual protocol (18). In
addition, a skinfold was taken from the brachial triceps
megion of the right arm for later analyzis. Body density was
calculated (21}, and the value was used to determine body fat
percentage by applying the Sin formula (35) for Caucasian
men; subsequently, fat-free mass was determined. In addition,
the circumferences of the relaxed right arm, the internal and
thomcic region at shoulder height &8 maximum inspiration,
the relaxed hip, and the upper thigh were measured We alzo
measured fasting body weight and height using the spinal
column extersion method and normal procedures for these
measurements (18} Finally, the muscle area of the arm and
thigh were determined by using the above measurements and
applying the formulas used by Huygens et al (240).

Proced ures

It was scrupulously ensured that the correct range and tech-
nique wereused for each exercise during the tests. All subjects
were mequired to perform a standardized warm-up. Two
measurement sesionz with 48 hours of separation between
themn were camied owt for both the initial and final tests, and
there were 72 hours sepamting the final training session from
the first posttest evaluation. The best result for each variable
measured was taken for analysiz. The intradaszs correlation
cocfhicient was calculated from the mesuraments of the pre-
and peettests of the contral group. For the anthropometric
and strength vadables, the intrachss cormelation coefficient
vahies for our protocols mnged between (67 and 0.9 and
between (L82 and (LET, respectively.

Maxemeans Strempeh. The exercies chozsen for the dry-lind
evaluation involved the same muscle groups and working
angles exercised during the perindized aquatic resistance
program (PARF) m as similar a fashion as possible. The
exercizes used and the order of evaluation were always the
same, which prevented any possible interference with per-
formance that could be a msult of the order in which the
exercizes were carned oat. The order was as follows: a) ver
tical row, b horizontal bench press, ¢ horzontal bench row,
dy arm lateral raise, and ) squat-jump. Previously calibrated
standard materials were used, consisting of bars with diam-
eters of 2.5 cm and weights of 11 kg, dumbbells with diameters
af 2.5 cm and weights of 2.5 kg, weight plates with standard
features, eollars, and standard supports. Subjects were famil
iarized with each exercize, and their technigue was checked
before the performance of each test. A submasximal test only
allowing a maximum of 6 repetitions until muscular filure
with correct technique was used (14). A submaximal test was
wsed because a large number of muscle groups were eval
uated by means of different tests, and it was necessary to the
quality and validity of the tests to minimize fatigue of the
subjects. If a subject exceeded the number of repetitions, he
mested and then tried again with a higher load The Brayck
formula 4) was used to calculate maximal strength from the
submaximal repetitions

Forwer: To identify the evolution of lower-limb muzcle power,
the static vertical jump or squat-jump test was used because
it ako exclusively assessee the concentric muscle action that
chamcterized the PARFP used in this study. [t was performed
wsing the recommendations of Lehmluhl et al. 24). The
muscular power of each vertical ump was estimated by
applying the prediction equation of Sayers et al (34).

Perindized Aguatic Resistance Training Program
Fxergses. Becanse the subjects were not wed to agquatic
resistance exercises, they were taught the comect technique
for performing them beforestanting the training program. The
researcher explained the exerdses to the group, and each
subject then carried them out inder supervision. The criteria
for correct technical performance were those deseribed by
Caolado (%), and the mercises are descibed in Table 1. The
temperature of the water in the swimming pool where the
training program took place was 28 * 1% C, and the depth of
immersion was always such as to allow the exerdses to be
carried out in a technically correct fashion. Standard mater
ialz were nsed during the training program. For example, the
gloves had a pmjected ama of 293 cm? the fins had a
projected area of 430 cm?, and the boards had a projected
area of §74 em®. Noodles were used to maintain the hori-
wontal flotation position in the exercies training the abdom-
nal musoulature.

Resimanee Tdemtifmoon. A Wittner metronome and a digital
audio editing program were used to record a compact dise
with 12 tracks corresponding to different paces and mnging
from 46 beats per minute to 102 beats per mimite. Each of the
tracks was thoroughly checked to guarantee that they did not
contain alterations to the preset pace The subjects mitially
used the aguatic devices to camy out the basic exerdses
prescribed at a pace determined by a cadence of beats per
minute chosen on the baszis of pilet tests and the pricr
experience of the researchers. Thizs meant that the subjects
had to match their movements to the mdividual beats of the
tracks recorded on the compact disc. Those subjects whao
were not able to generate enough resistance from the water to
reach muscle filure with the preset mumber of repetitions at
the paceinitially plinned and wit hoant varying their technique
took arest period and thenincreased the pace by chomsing the
next track. Similady, the subjects for whom the pace was too
difficult to reach the prescribed mimber of repetitions chose
the previcus track after the rest period. Thiz allowed them to
obtain the nitial “load” after identifying the track offering the
optimal pace to be used by each subject for each of the
exercises. From then on, the “load™ was adiusted to the aquatic
mavemant by changing the track The subjects repeated the
proces after resting for 2 howrs to ensure that the track chosen
for each exercise wascomect. This test wascamied cut 48 hours
after having carred owt the dry-land pretests to determine
medmum strength and muscular power. Table 1 ako shows
the beats per minute (pace) most commonly uzed for each of
the basic training program exerciscs.
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Tasie 1. Exsrcises usad in the different cycles of the periodized aquatic resistance program (PARP).

Deavice
NEMmE Exarcize name Paos® Deacription of the joint movements:
Gloves Horzontal shoulder H.5h Abvd 3] Harzoniz| abduction and adduction of the shouldars
sh-adduction
Ohblique shouldar 3.5h Abid 3] Oblique sbduction and adduction of the shoulders
sh-adduction
Vartical shoulder W.5h Abid 72 Abduction and adduction of the shouldera
ah-adduction
Elbow flazion-s=tsnsion El F'E 72 Flzzion and sxtension of the elbows
Boards Horzontzl press-pull H F/P Om a horzontzl plane: flexion and extension of the
shoulders and slbows
Ohlique presa-pull O PP In an oblique direction: flaxion and exansion of the
shoulders and slbows
Vartical presa-pull VPP O a frontal plans: abduction and adduction of the
shoulders and flezion and extension of the elbows
Arma press-pull APIP Flaxion and extension of the elbows
Firez Frantal kick FK 60 Flzsion and sxtension of the knes with 2 amall
supported fiexion of the hip
Gireat frontal kick GFK 46 Flaxon and extension of the knes and hip
Fing and
boards  Darasal resisted batter CRB Darasl resisted batter with the boards in every hand
and below the bady
Lateral resiated batisr LREB Lateral resizted batter with the board hald with the
hands over the haad
Moodles Frontal top crunch FTC Frontal top crunch in horizontal postion and with 2
noodle in lengthwise dirsction
Frontal low crunch FLC Frontal low crunch in horzontal position and with a

noodle in longitudinal dirsction

*Cadence of moverment [bpm] most ypicaly apphed 1o each of the basic exemcises of fe raining progam.

Temimgsg Proyrass. One member of the research group was
abways presemt during the tmining sessions to ensure that
the program was performed correctly. Training compliance
for the subjects was 45%. The exercisez performed duning
warm-up and cool-down were standardized to avoid any
poesible interference with the aims of the study. Diespite the
fact that a short-term program was ised to maximize training
effects, and given that the subjects were physically active,
a perindized model for strength training was used, with a total
duration of & weeks, divided into 2 consecutive 3-week oycles
and a fnal Z-week cycle, with a frequency of 3 sessions a
woek To vary the training stimulus, the volume was modified
in each oycle by an overall increase in the sets and the
exercises. Table 2 shows the methodological enteria followed
to pedform the different cycles and the exercises according
to the specific assoctation with the technique of preexhans-
tion overdoading of agonist muscle groupe. The exerdses for
dymamic training of the abdominal ruisculature were performed
following a repetition speed of 1 second for the outward stage
and 2 seeonds for the return stage to the initial position.

Az mentioned previoudy, a very high volume was applied
in thizs PARP. With the wse of aquatic resistance devices, all

maovements are concentric only, such that the opposing
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musdes around a joint are primarily trained in the concentric
manner ineach direction of joint movement, which serves to
increase the overall training volume compared with that of
dry-lind training. The recovery time between sets was abways
40 seconds, which i typical of the § to 12-repetition range.
These mst perinds, combined with the significant length of
the sessions, meant that the subjects carried ot slow jogging
movemmts andor slow active range-of motion exercises of
different joints during the recovery periods to avoid the risk of
suffering from hypothermia, with some subjects even training
while wearing thin thermal garments.

Slatistical Analyses

The data gathered were analyeed using the SPSS program.
The homogeneity of the dependent variables was chedoed
uzing the Levene test (5 = (L05), and their nomality was
evaluated uzing Kolgomorov-Smirnov statistics (f = 005
Diescriptive statistics were then caleulated. #Tests were used
for within-group differences, and ANOVA was used to
analyze independent (between-group) samples. All differ-
ences wene accepted as statistically significant at p = (005 and
as very significant at po= (1.
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Tasie 2. Periodized aquatic resistance program (PARF) followsd in the study.

Repstitions
per aat
Cycle Sets par
number Ezsrcizss and workout order SXancise 1 2 3
1 1% Horzonal shoulder ab-adduction 3 B-12
2% Dhlique shoulder ab-adduction 3 B-12
3% Verliczl shoulder sb-adduwction 3 B=12
4% Elbow fiesion-sxtengion 5 B-12
5% Frontal kick 5 B=12
6% Great fromtal kick 5 B-12
7® [Frontal top crunch 4 15
2 1* {1} Oblique shoulder ab-adduction 4+ (2} oblique press-pull 3 8=12 15
2% (1} Vertical shoulder ab-adduction 4 (2} vertical press-pull 3 8-12 15
3* (1) Horizontal shoulder ab-adduction + (2) horizontal press-pull 3 8=12 15
47 (1} Elbow flexior-extension + (2} arms press-pull 5 8-12 15
5% (1) Great fontal kick + (2} lateral resiated battar 8 B-12 15
& (1) Frontal kick + (2} doraal resiated batier 5 B-12 15
7= (1} Frontal low crunch <+ (2]} frontal top crunch 4 15 15
3 1* (1) Verfical shoulder ab-adduction + |2} vertical presa-pull + (3) vartical 4 8=12 15 8=12
shoulder sb-adduction
2% (1} Horzontal shoulder abadduction 4 (2} horizontal press-pull + 4 B=12 15 B=12
(3} horizontal shoulder ab-adduction
3% (1} BElbow flexion-exiension + (2} arms press-pull 4 (3} elbow 5 8-12 15 B8-12
flemion-extansion
4% (1} Frontal kick + (2} dorsal resisted batter 4+ (3} frontal kick 5 B-12 15 B-12
5% (1) Great frontal kick 4 (2} lateral resisted batter 4 (3} great frontal kick 5 B-12 15 B8-12
& (1) Frontal top crunch <+ (2 frontal low crunch + (3} frontal top crunch 5 i5 15 15

Fast imtercal batwaan st B0 saconds

REsuLTs

Tables 3 and 4 show the dfects cawsed by the PARP on
musciular fitness and global BC, stating the baseline value and
final absolute change after comparing the initial value with
that obtained after the § weeks of training. Additionally,
Figures 1 and 2 show the individual values of the ARG for the
varables indicated.

The PARFP led to significant improvements in both the
maximum strength of the upper imbs and in the power of
the lower limbs (Table 3). The PARP alzo led to significant
ncreases in fat-free mass (Table 4) and armchip ciroomfer-
ence (Table 51 In addition, the PARP significantly reduced
local fat in the ghdominal and pectoral region (Table 5)
together with overall fat mass (Table 4), ther being a
significantly positive correlation in the AEG between weight
incresse and reduction of body fat mass (p = 0001 ). However,
the PARF did not lead to any modification of lower-limb BC.

InscussioN

Except for the study carred out by Pvhénen et al. (32)
aralyzing the dfects caused by a PARP with movements
performed with aquatic devices on the strength and BC of

young, phyzsically active women, there are no other sdentific
studies fomusing on the dfects that a total-body workout
PARF uzing aquatic devices could have on other populations,
especially where intemsity is controlled objectively. There-
fore, in the current investigation it was necessary to create
amethodology that had been lcking up to now. The method
wed here to control intensity in aguatic strength training
through joint contral of the pace of movement and target
number of repetiions & in agreement with  cument
recommendations for controlling training against resistance
2%). The results highlight the fact that the PARP developed
was effective in increasing both strength and fat-free mass
with anly & weeks of training, despite the fact that ther are
aquatic devices available that are more appropriate because
they are larger and more ergonomically designed than those
wed in the curent investigation, and even though the subject
attrition  reduced the final statistical power, which i=
acoounted for when making generalizations about the results
obtained in thiz investigation.

The msults provided by this study show a clear increase in
the maximum strength of upper-limb muscle groups inyoung,
healthy, physically ft men with an intermediate level of
muscular fitness. Faced with the lack of equivalent studies in
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programe, oven  though the
subjects in the cument investi-
gation performed the horizon-
tal press-pull during part of the

TasLe 3. Change in maxmum strangth.

Frevious valus

Varizhle Group and change S0ix) 2 (o aquatic training pragram, which
is only moderatdy equated to
Harizontal banch fo'c Pra §4.31 6.77 0208  0.0041 the hench press. This may have
press (kg) AEG G":rzga _Eglg SE 0003+ limited the strength gains in the
Change +3'1ﬂ 1 .'.'-'E ' bench press test of the subjects

Amn lateral raise (k) OG Pre 25.77 2,80 0686 (.465 in the current investigation.
Changs —-0.01 2.65 However, as wa previously
AEG G:am 23;3 gﬂ 0.044" mentioned, it is Very impaortant

nga + . t int out that tri
Horizantal bench fe'c) Pre §0.67 502 0541 0.154 ;uilmusms - {]_:::_T:?;
row (kg Changs +0.95 3.18 ;
AEG Pra 7238 1332 0.033° in the PARP, whereastests were
Changs +4.48 4.20 carried out that required com-
Vertical row (kg fe'c G;re 4:{;3 g.:z 0235  0.028° bhined concentre and sccentric
ngeE +1. . :
AEG  Pre 4470 10.61 0018 muscle aciioms to evaliate the
Change 488 2 95 change in maximum strength
Squatjump (W) cG Pre 450405 43754 0658 0.210 in the AEG. It is generally
Changs —8851 419.07 accepted that gains in strength
AEG Pre 447107 581.37 0.045° shown in a test are greater when
Change +135.62 141.84

the test exercise, training exer-

()" = Statstical mbagmup sgnficance; (o = posflest statistical idergroup sgnificance

wath regard to the changs.
O = control group; AEG = aguatc eerciss group.

cise, type of muscle action
required, and type of resistance
to be overcome are similar

"Bigafican! statstical dfemnce (p= 0U0E) ;) ey sgaficant sltistoa disrance (p = 0L01).

the aquatic madium with which to compare theresults, in this
andlysiz the results can only be compared with those from
ather programe carried cut on dry land, in which the testing
and training were done with the same exercise. The results
abtained with the PARP are similar to those obtained inother
studies 1sing resistance devices on dry land, although they
were applied using methods and subjects with slightly
different characteristics to the AEG. For example, the first
& weeks of the study of Hostler et al (19) used traditional
training methods for improving maximum strength in the
honzontal bench press exercie (2-3 dwk™. 3 sots of 7
FM). The young men choszen were physically active and had
not caried out any specific strength training in the previous
6 months. The rdative strength of the 2 groups of men
andlyzed was significantly higher than that of the subjects of
the AECG (122 and 1, respectively, va. (LES for the AEG). The
subjects of the Hostler et al. study improved their IRM by
41 and 51 kg in & weeks (increasee of 489 and 647,
respectively), and the ARG subjects improved by 3.1% kg
fan increase of 5.12%), with the dry-land groups showing
respective relative strength improvemnents of 3 28 and 582%
compared with an improvement of 4. 700 for the AEG. Thus,
the studies analyzed show how the improvement in the
maximum strength of the AEG in the bench press exencise is
similar to that obtained by those participating in dry-land

554  [ilmal of Strength and Conditioning Research

Therefore, the most appropri-
ate evaluation test for assessing
the ourrent program adapta-
tions should foous exchisively
on the concentric phase of madmum dynamic strength
(32,371 However, the effects on maximum strength caused
by participation in this study were evaliated using exercises
of a combined concemtric and eccentric nature wsing
weight equipment that is typically wsed in dry-land programs
Although this is a possible limitation to the curent
investigation in defining the meal improvements of the
program followed, it was necessary because improvements
in muscular fitness achieved with aquatic exerdse programs
will wsually be transferred and applied to pedformance on
dry land
Regarding the training effects on musoular power of the
lower limbe, the AEG showed a significant improvemnent of
3.03% over itz initial vahie of 447107 W. Although existing
studies have shown that the power of the lower limbs &
improved by following aguatic training programs (2527 33),
these studies are =olely hased on carrying owt multijurmp
exercises, unlike the PARP followed in our study where only
traditional open-kinetic-chain  resistance  exercises wenre
performed. The dry-land studies of Coutts et al. (13) and
Lehmbathl et al (24) can be wsed to compare the results of
our PARP with their programs becauwse they also wsed the
squat-jump as the evaluation test, trined the strength of the
lewrer limbs by using commaon open- and closed-kinetic-chain
strength ecercises, and at no time used rmultijump training
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too light. Applying the Sayers
et al. (34) formula to the results

TasLe 4. Change in overall body composition. of the study shows that 1 group
Prewious value improved ritx» init'ta]. value of

Variable Group  =nd change  SD(x) (g (g 436212 W by 284, and the

cther group improved its initial

Fatfres maas (kg oG Pre 6058 3.03 0.043* 00001 vahie of 457564 W by 496%.
Change —1.42 048 The Lehmbuhl et al. 24) study

AEG Pre 66.01 7.53 00007

Change 4138 047 wed a combined sample of

Percentage of body f2t (%) CG  Pre 878 224 0875 00090 men and women athletes who
Change 40,12 158 were  given  performance-
AEG  Pre 1013 225 0019° enhancing supplements. Their

Change —132 1.10
Fat mass (kg) GG Pm BAO0 280 0803 01904
Change —002 144

training program ksted & weeks
and conzisted of a total-body

AEG P 742 171 0023 warkout prioritizing madimum
Change —-081 0.78 strength training for 3 dwk™!
Body weightlkg) (o] Pre 763538 503 0412 00280 and wing mudtiple sets. As
Change —1.44 150 before, f the Sayers et al. (34)

AEG Pre 7343 788 04374 . . . '
Change 4037 088 formula is applied, it can be
shown that the placebo group
hl;D]1 -:-'Ia'h:lu;rﬂmg'mp Eagnificanos) Eu]?-pca:'l'lﬁ'l statebcal ntengroup sgnficance mprﬂ‘.-‘-nd its initial _'|1_1n1]',| value

W o e Bl - T i

o'r?: oontml g'wp?-:LEﬁ = agualic aparcES groun. of 4_{"42'2? W by Li% ‘d“_s
"Eignifican stistea dfferanca (o = 008)) vy sgaficant statetal dfaanca [p= 0.01). previowly stated, the 3.0%

improvement  in Jower-limb

power by the AEG in the

current study was significant,
resources. The 2 groups of subjects in the Coutts et al (13) althorigh there were no significant differences in power when
study trained for the fist & weeks at 3 dowk™", with a total compared with the CG. This can be explained by the use of
hady workowt of 7 exercizes including one for the lower limbs nonzspedfic aquatic devices such as the fins. This material
(hack squat), carrying cut multiple sets of 10-16 repetitions at modified the movemnent pattern of the basic frontal kick and
an intensity of 55-73.5% 1EM, with a I-minute rest interval. great frontal kick exercises, meaning that the subjects struck
The load was modified when it was perceived as too heavyor  the bottom of the swimming pool as a result of the incresed
length of the imb camsed by
uzing thiz device. This made it
difficult to carry out the exer
cize in technically cormect fash

*

*

LT 3

81 40— 1801 ) Foadq ion while stabilizing the body.
/: 1 P P One additional problem of this
0 ?j.t 36 hol 55004 material used for the lower

- = - ? . )
1 f a0 50 4 g’gﬁ extremitics was that it could
» 304 f o 5000 / have caused some ankle joint
i F:,-:r T4 - //f_ aod pain, and this fact could have
T 25 éj; 'D/ 4500 { gt limited the intensity, and main-
a0 o o a0 o tained pedformance of the
50 - /D ﬁ'—l:; ;,f”} M//':' ._,-" movements as the joint was
o 201 e 5 20+ 40099 subjected to significant stress.
1 e Anather factor that could have
4|:|T 15 NT 10;{ SSWT? had a negative effect was the
ol A 1 B, £, Db .1 _E type of test used, despite fol
pra post pra post pre post pra post pre post lowring the suggestions of pre-
vious studies (37 and the fact
Fl?.lnl.md“dhlqnﬂi:u-‘d-gnp fior mandmem s3mng T bodom and after 8 wooks of aquatio that the squat—jwnp m—z]]:,. pro-

resistancs raining. From e 10 right, $ pansls represont A) hodzonta bonoh press (kg), B) asm ioral raisa (kg B . s
€ henizental banch row fegl, D) veetal m gl and B) squat jamg ). The sigrificant derences batween | Vided evaluation appropriate to
pre- and posttests am indicated by *{p = Q.05 and o = 0011 the muscle adion trained.

However, the  movement
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include typical pmogram varia-
bles aimed at favoring muscle

- i 15 - s 10 - ‘ ppo _ME hypertrophy, such as the rest
p— o % intcn.'ﬂ.l and the mumber of
e 94 repetitions performed, the large
L g\ ped " number of sets per muscle
| e o 89 S gmup, the use of preschaustion
L \ f—\. ;_:__, methods, the weekly tmining
o 104 . 74 e . frequency, and the anabolic
':’f;""' 2 envimnment usmally  created
g 7 o by programs combining these
—" L T aspects that ako imvolve many

R ——u 5 - g large musde groups.
Although the diet was not
80 5 4 &0 = manipulated, the subjects agreed
g Bl H 4 w©] b not to change their dietacy
pe post pre past pre post pe post ]}.I"L'I.C"LICC'& and filled in dﬂ.ﬂ}-

Figure Z Individual valuos of the aquatic exercise group for ovarll body compostion before and afier 8 wooks of
i nois a0 o frmining. From loft S0 right, 1ha panols mpresont A) St oo mass k), B) pomoontag o of body fat
(%), O3 fa mass {kg), and O) body weight fg). The sigrificant diforoncoss botweon tho pre- and postiosts am

indoated by *lp = 2085 ad *lp = 401) na = ro sgrificant dé¥mnos.

pattern and the type of strength trained showed significant
differences. These limiting factors were not present in the
Prvhiinen ot al. (32) study becauwse Hydro-tone boots were
ed. These devices do not prevent comect execution of the
exercize and do not overload the ankle joint. They alzo have
a greater surface area that allows them to genemte greater
drag force. The leg extension test used by Pévhinen et al.
(32) was ako better suited to the movement pattern trained.
It iz therefore lkdy that the limitationz of the present
investigation contributed to the lack of intergroup differences
and the absence of change in the BC of the thigh segment.
Thus, there i a nead to carry cut further studies in which
these factors are taken into account, allowing fiture PARPs
to be designed and evaluated more precisely.

Omne other important factor that should be highlighted is
the fact that no rdevant eccentric muscle actions have
appeared in PARPs carried out using aquatic devices (31.32),
which has created questions as to whether aquatic resistance
programs can result in increases in strength and muscle mass
of voung, healthy, physically active subjects. However,
physiclogical adaptations should result whenever the
magnitude of muzscular stress generated by the muscle action
iz greater than the normal level of stress to which the muscle
group i subjected. The results of the current study support
the staternent that those PARPs uzsing aquatic devices that
prioritize concentric muscle action are dfective in increasing
hath strength and fat-free mass. The fact that this kind of
program was based on single-joint movements has possibly
favored the very early gains in fat-free mass (32). Despite the
fact that dietary modification as a basic factor for increasing
fat-free mass was not manipulated while the PARF was being
camried cut, it should be noted that thiz kind of PARP did
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questionnaires during the dura-
tion of the study to reduce any
confrunding effects with the
PARP, as was the wsc with
previous studies (37). These
were checked every week to
ensure that their habite before starting the study had not
changed. Thus, the PARP applied led to a significant
improvemnent of 1285 kg of fat-free mass in only 8 wecks.
This increase & even more significant considering that there
was a significant reduction in physical adivity (outside of the
PARF in the AFG) during the course of the semester, which
would normally lead to a reduction in fat-free mass, as was
seen in the CGL In general terms, the improvements of the
AEG are in line with theee obtained in other dry-land
programs following a similar methodology, obviowsly except-
ing the spedfic aquatic applications. [t has been reported that
fat-free mass increases by abowt 2.0 kg affer 10-16 weeks of
total-body resistance training (2). In another study, Mazzetti
et al (26) submitted young trained men to a clssical linear
penodized resistance training program emphasizing strength
and hypertrophy phases for 12 wedia In this study, the initial
6622 kg of fat-free mass in the supervised group increased by
138 kg—an improvement of 202% that i very similar to the
195 increzse in the ARG studied here

Dezpite the small reduction in the body fat percentage of
the AEC, which iz within the ermor range associated with the
determination of body fat via skinfold methods (26), the
results ako suggest that the PARP applied was significantly
effective in the reduction of body fat. despite not being
designed  for this purpose The PARP involved extra
expenditure of calories that, because it was not compensatod
for by an increase in the calories provided by the daily diet,
caeed a negative balance that led to aslight reduction in the
fat mass of subjects with very low percentages of body fat.
These resuls are therdfore very positive bocause the PARP
created a stimmubhis that both increased musde mass and
favored an overall mduction in fat-more specifically, that
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exprciEes using aquatic devices

showed a certain tendency to-

TasLe 5. Change in body compoaition by ssgments. wards creating greater cardio-
Previous valus vascular 2:]1d rrm:ah.»:ﬂicrcqmmc

Variable Group and change Soi+y  p) (m* than dry-land msistance exer-

ciees with dastic bands, some-

Amm circumfarence (om) [eEE] Pra 30.48 181 0142  0.0004 ﬂ'li.ng ]‘ﬂﬁﬂj]}' cansed h}' the

Change —0.10 042

AEG  Fre 3003 248 00001 coutinucus peridpetion of coo-

Change 4133 022 omtric muscle actions  and,
Am skinfold {mmi GG Pre 702 223 0288 0580 possibly, by the greater muscu-
Change —0.56 1.02 lar demandz made on stahilizing
Change —0.04 1.8 The PARP ako wsed a progres-

Amm muscular area [cm2) oG Pre 5248 627 0524 00001

Change 4037 1.18 sive overload method based on

AEG  Pre 4711 607 00001 increasing volume by grouping
Change +549 199 exercises that not only increased
Thigh circumference (cml  ©G Pre B0.4B 266 0181 071 the total invalwement o the
Change —1.2 155
AEG  Pre 5057 430 0286 murber of musde groupe but
Change +0.64 145 ako increased the dumtion of
Thigh skinfold (mm) feic) Pra 1188 285 0542 0204 the effort and the number of
Change 4100 336 muscle actions per session. In
AEG crz.m 1323 -:g? 0.356 typical dry-bnd training, the
n —_— a
Thigh muscular area [om2) GG Pre) 20153 2508 0185 079 kad is congtant for bath the
Change —10.65 14.80 ecoentric and concentric phases
AEG  Pre 08372 4102 0278 of movement. Conversely, with
Change 4624 1384 PARF and aquatic devices, the
Thoracic intamsl - G Pre 10288 350 0260 0948 muscle actions are predomi
circumferance (o Change  —0.80 157 . ;

AMEG Pre 10084 537 0.121 uanty concentric fr all move-
Changs —006  1.40 ments, which may acually
Thoracic axsmal ©G  Pre 11920 366 0533 0880 result in a higher growth hor-
circumference (ocmj Changs —1.12 368 mone reponze (22). Therfore,
BEG  Pre 11764 674 0413 this bommonsl. response could

Changs 084 254 - L .
Pactoral skinfold (mmi ce P 704 238 0102 0.113 heve & postive cliect on im-
Crange 052 050 proving BC, given the role
AEG Pra 877 444 0030 payed by growth homone in
Change —151 1.14 the mohilization of fatty acids
Waist circunderence (cm)  ©G Pre 8388 380 0004t 00131 for use as an energy substrate,

Change —2568 009

AEG Pra 060 507 0508 and it could be ane ofthe causes

Change -054 124 underlying the results regarding
Abdcmingl skinfald (mm) cG Pra 1332 &72 0064 00520 the improvements in BC amang
Change —0.04 186 the ARG, However, spedfic
BEG  Pre 1507 442 0.000% studics should be cared out

Changa —2.17 1.50 .
Hip circumfersnce (cm) CG  Pre 10006 525 0345 0.040° m;;_jjﬁm this. 4 ot
Changs —1.78  3.21 ¥ eompastian did no
AEG Pre 0640 420 0040° change equally in the upper and
Change 4151 1.63 loweer hody, with no significant
{p)" = Saatistical intragroup sgnidicance; (07 flast st tca nlergroun sgndicance changes in BCseen in the lower
= stk o o Sgnificancs = e Ebca in sgrntican: X - s
with regard 1o the changs. 'I'.-nd}.r among the AEG. .'[t. is
"ignifican ststes d¥aance [p = 0.05); ey sgaficant statetoal dfereo (o= 0.01). possible that the local training
06 = contml group; AEG = aguatic exrcEe group. volime :3]‘.|]'.|]Itd was too low

when compared with that ap-

pied to the upper limbs. [t i=
located in the pectoral and ahdominal region (13.5%¥0}—in it ako possible that momre time than that used in this program is
subjects with eocellent BC who only tmined at a frequency of  needed to achieve muscle adaptations in the lower limbs, this
3d-wk™ Caolado et al {11) ohserved that aquatic resistance  not being the case for the upper mbs (13
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Wevertheless, despite the positive effects that can be
provided by training programs that priodtize concentric
muzcle actions, we should be cautious with regard to the fact
that eccentric actions do not play a major role in PAR Ps using
aquatic deviees, which are typical of sport and of daily life and
are wsually combined with concentric actions in many metor
situations. Thus, it should be recommended that any overal
newromuzcular conditioning program should include dry-
land exercizes that demand such actions for those taking part
in a PARP. However, Colado (%) suggests that the fact that
ecomtric actions are minimized and training is camied out
wing muscle pairs [agonist‘antagonist) could favor a re-
duction in ddayed muscle pain, less risk of injury, greater
calorie consumption, and reduced training time. These
factors would increaze adherence to the programs, mutines
for functional pairs that are easier to balance, and, as has been
shown in this study, fa-free mass and strength.

An impaortant contribution of the current investigation iz
that it offers a practical solution to one of the man drawbacks
of strength training in the aguatic medium, which iz control
over the intensity of work (7.31) and, consequently, the
peesibility of objectivdy quantifying the resistance wsed. Prior
methods were dependent on the subjective criteria of those
exerrizing, who had to pefform the exercises to a high speed
depending on their effort perception (32.37); such methods
therefore offered little control Throwgh quantification of the
pace of movement per minte, with adjustments to a specific
targeted number of mepetiions accrrding to the specific
neads of each exercize and each subject. control of the
intensity applied to cach set, exercize, and training session
could be maintained at all times. This method has provided
tangible, objective, and practical criteda with which to
monitor aquatic resitance exerdses. Finally, it iz very
impaortant to point cut that quantification of the “load” for
strength training in water using the methodology pmoposed
here could allow the individual to target any parnicular
program goal (hypertrophy, strength, muscle endurance,
power). In condusion, the present results indicate that
a PARP with a cadence of movement monitored and adjusted
individually for each exercize and subject using a metronome
produces zsignificant improvemnents in muscular strength,
power, and fat-free mass and, thus, seems to be a very
effective form of resistance exercize.

PrACTICAL APPLICATIONS

As well as bang an effective training method for ncreasing
maximum strength and fat-free mass, the aquatic resistance
program has a pesitive effect on reducing body fit. As with
dry-land exercises, these effects appear when the correct,
progressive program design iz established, meaning that the
resistance offered by the waterineach ofthe sets and exercizes
must he controlled. In the aguatic medium, progressive and
well-adapted increases of the “load” or resistance can be
applied as long as the subjects use aquatic devices with which
they already have been evaluated to find a pace of movement
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per minute for each exercise that allows them to perform
a certain number of epetitions at the initially prescribed
perceived ntensity. However, for this resource to be valid, we
alzn must ensure that the subjects always maintain the same
arm and lever length and the same position of the segments
and the aquatic devices that increase the drag force
Therefore, if simiar findings are made, we are witmessing
a new futwre for strength traming in such different fidds as
rehahilitation, sports peformance, heakth, and assthetics.
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SPORTS
SCIENCES

Instructions for Authors

ONE
This journal uses ScholarOne Manuscripts (previously Manuscript Central) to peer
review manuscript submissions. Please read the guide for ScholarOne authors before

making a submission. Complete guidelines for preparing and submitting your
manuscript to this journal are provided below.

1. Scope

Journal of Sports Sciences is published on behalf of the British Association of Sport
and Exercise Sciences, in partnership with the World Commission of Science and
Sports and in association with the International Society for Advancement of
Kinanthropometry. The emphasis is on the human sciences applied to sport and
exercise. Topics covered also include technologies such as design of sports equipment,
research into training, and modelling and predicting performance; papers evaluating
(rather than simply presenting) new methods or procedures will also be considered.

The Journal of Sports Sciences also accepts 'Letters to the Editor'. These should be
submitted via the ScholarOne submission tool, details of which can be found below.

Further information about the journal including links to the online sample copy and
contents pages can be found on the journal homepage.

Examples of past Editorials, which may provide a more detailed illustration of the
journal's scope and style, can be found by following the links below:

* "The First 24 Years" by Thomas Reilly:
http://www.informaworld.com/smpp/content~content=a790013022~db=all~order=page

* "Kinanthropometry - The interdisciplinary discipline" by Arthur Stewart:
http://www.informaworld.com/smpp/content~content=a771204123~db=all~order=page

* "Ethical issues when submitting to the journal of sports sciences" by Ron Maughan,
Alan Nevill, Colin Boreham, Richard Davison, Nicholas Linthorne, Arthur Stewart, Mark
Williams & Edward Winter:
http://www.informaworld.com/smpp/content~content=a773470838~db=all~order=page
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* "The growing trend of scientific interest in sports science research" by Giuseppe Lippi,
Gian Cesare Guidi, Alan Nevill & Colin Boreham:
http://www.informaworld.com/smpp/content~content=a783091986~db=all~order=page

2. Submission

All submissions should be made online at Journal of Sports Sciences Manuscript
Central site. New users should first create an account. Once a user is logged onto the
site submissions should be made via the Author Centre.

On submission, authors should select the relevant Section Editor (see journal
homepage) or, in case of any doubt, submit to the Editor-in-Chief. Authors should keep
a copy of all materials sent for later reference. Papers submitted to the Journal will be
refereed anonymously by acknowledged experts in the subject; at least two such
referees will be involved in this process. In the event of conflicting reviews, the Section
Editor will normally seek a further independent review. As the Journal operates an
anonymous peer-review policy, please ensure that your manuscript submission has all
information identifying the author(s) removed. If you are submitting a revised manuscript
and have used track changes, please make sure that any comments are anonymous in
order to ensure your anonymity. Alternatively, please highlight your text
changes through the use of red font.

The Section Editor will forward papers recommended for publication to the Editor-in-
Chief, who has the final decision on publication. Manuscripts should not exceed 4,000
words, without the specific consent of the Editor-in-Chief or a Section Editor. Discursive
treatments of the subject matter are discouraged. Section Editors will not accept
manuscripts in two or more parts unless this has been agreed in advance by the Editor-
in-Chief. As well as normal length communications of original research, shorter
communications are also considered subject to the same refereeing process. Review
papers will normally be by invitation of a Section Editor; authors wishing to submit a
review paper are advised to consult the appropriate Section Editor before doing so.
Book reviews are by invitation only. When preparing manuscripts, please use a
standard word-processing package, such as WordPerfect or Microsoft Word.

On submission, authors are required to nominate up to four expert referees for their
paper; these potential referees must not have been informed that they have been
nominated or be members of the authors' institutions. The nominated referees may or
may not be used, at the Section Editor's discretion, and at least one of the referees
involved in the review of the paper will be independent of the nominated list.

3. Originality

We require authors to confirm the originality of material by ticking the appropriate
checkbox on submission of the manuscript. Material submitted will not enter the
refereeing process until such an undertaking has been received.

We discourage the practice of publishing parts of one study in different journals. Authors
who submit a manuscript to the Journal of Sports Sciences from a study, some of
these data from which has been or will be published elsewhere, must provide a strong
justification in the accompanying letter to the Section Editor. The justification for not
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publishing all of the data together in one manuscript or as multiple papers in a single
issue of the Journal of Sports Sciences must also be included in the covering letter.

4. Effective communication

Papers should be written and arranged in a style that is succinct and easy to follow. An
informative title, a concise abstract and a well written introduction will help to achieve
this. Authors should avoid some of the more common pitfalls, such as excessive use of
the passive voice and past tense and unnecessary use of fabricated abbreviations
within the text. The Journal would prefer authors to describe human volunteers as
participants rather than subjects in the methods section. Figures and tables should
be used to add to the clarity of the paper, not to pad it out. At all times, please try to
think about your readers, who will not all be specialists in your discipline.

5. Manuscript
(a) General

The manuscript must be in English; UK English spellings and words should be used in
preference to other versions of English. It must be word-processed, double-spaced
throughout, with a 4 cm margin on the left side, with no 'headers and footers' (other than
page numbers), and without footnotes unless these are absolutely necessary. Arrange
the manuscript under headings (such as Introduction, Methods, Results, Discussion,
Conclusions) and subheadings. Ideally, the main body of the text should not exceed
4,000 words, excluding references. Longer manuscripts may be accepted at the
discretion of the respective Section Editor. Authors must make every effort to ensure
that manuscripts are presented as concisely as possible. The Editors cannot consider
for publication papers that are seriously deficient in presentation or that depart
substantially from these 'Notes and Guidelines'.

(b) Ethics of human experimentation

The Journal will accept only papers that conform to the highest standards of ethics and
participant protection. All experimental work in which humans are participants must
conform to the laws of the country in which the work took place. The manuscript should
contain a statement to the effect that the work reported has been approved by a
recognised ethics committee or review board. There are two exceptions: 1. Where
information is in the public domain such as on a website that contains statistical or other
archive-type data, formal ethics approval is not necessarily a requirement but a
statement about the source of the data must be made. 2. Retrospective analysis of
data, such as those produced as a result of long-term monitoring of athletes that
provides information worthy of broadcast to a wider audience: reporting of these data is
seen as exceptional. The Journal's clear preference is for prior approval of experimental
work, but it is recognised that information can arise from local applied sport science
work that has not had prior ethics approval. In such instances, it must be made clear
that data were collected as part of an athlete monitoring program and that none of
the measurements was made for research purposes: authors must provide a detailed
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explanation of the absence of formal ethics approval. Normally, statements about
ethics approval or sources of data should be made at the beginning of the methods
section.

(c) Anonymous refereeing

Because of the adoption of anonymous refereeing by the Journal with effect from 1
January 1998, the title page and manuscript should include no information that clearly
identifies the authors or their affiliations. Authors should submit a separate cover letter,
which is not part of the manuscript, that can include the following information: the full
title; the names of the authors without qualifications or titles; the affiliations and full
addresses of the authors; the name, address, telephone and fax numbers, and e-mail
address of the author responsible for all correspondence and correction of proofs. Any
acknowledgements should also appear on this page, not in the manuscript. These
acknowledgements will appear in the printed version if the manuscript is accepted.

(d) Title page

Include the following information on the first page of the manuscript: the full title; a
running title of no more than 75 characters and spaces; and up to five keywords for
indexing purposes.

(e) The abstract

The abstract must not exceed 200 words and it must summarize the paper, giving a
clear indication of the conclusions it contains.

(f) Tables and illustrations

lllustrations and tables must accompany the manuscript but not be included in the text.
Authors may wish to express a preference for the location of tables and figures by
including comments such as ****Table 1 near here*™** or ****Figure 2 near here****
separated by at least one line space from the main text. Tables, referred to as 'Table 1',
‘Table 2', and so on, must be numbered in the order in which they occur in the text.
Tables must be clearly and simply laid out with clear row and column legends, units
where appropriate, no vertical lines and horizontal lines only between the table title and
column headings, between the column headings and the main body of the table, and
after the main body of the table.

Photographs and line drawings, referred to as 'Figure 1', 'Figure 2', and so on, must be
numbered in the order in which they occur in the text. Diagrams and drawings should be
produced using a computer drawing or graphics package. All illustrations must be
suitable for reduction to single column (84 mm) or page width (174 mm) of the Journal,
with particular attention to lettering size. Photographs must be reproduced as black and
white image files.

(9) Symbols, units and abbreviations
For a comprehensive guide to symbols, units and abbreviations, please consult the
following text:
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- The Symbols Committee of the Royal Society (1975, addenda 1981). Quantities,
Units, and Symbols. London: The Royal Society.

h) References

The Journal uses the APA reference style, which is a variation of the Harvard system.
The following examples should make clear the most important points. References in the
text are cited as follows: Smith (1985) . . . or (Brown & Green, 1996). Where there are
between three and five authors, all authors should be given in the first citation in the
text; subsequent references to the same source should give the first author only
followed by et al.. Where there are six or more authors, the first author only, followed by
et al., should be cited in all instances. In the reference list, the first six authors only
should be listed, followed by et al. Citations of different publications by the same
author(s) are differentiated as Green (1993a), (Brown et al., 1995b). Multiple citations
are listed in ascending chronological order. Within a year, they are organized in
alphabetical sequence of the first author. Examples: Smith (1995), Brown and Green
(1996), Jones et al. (1996); or (Smith, 1995; Brown & Green, 1996; Jones et al., 1996).
The following should make clear how multiple publications by the same authors are
treated in such lists: Smith (1991, 1995), Brown and Green (1992, 1993), Jones et al.
(1993, 19964a,b); or (Smith, 1991, 1995; Brown & Green, 1992, 1993; Jones et al., 1993,
1996a,b).

A list of all cited references should be collected at the end of the paper in alphabetical
order by, in the first instant, the first author's surname. Where the name of the first
author appears more than once, the order is determined by: first, the number of co-
authors (zero, one, or more than one); secondly, for one co-author, the first co-author's
surname then the year; for two or more co-authors, year then order as dictated by the
use of 1990a,b,c (for example) in the citations. The following is an example of how
references would be ordered in the reference list: Brown (1980), Brown (1990), Brown &
Jones (1977), Brown & Smith (1973). Brown & Smith (1975), Brown, Smith & Jones
(1990a), Brown, Jones, Smith, Jones & Brown (1990b), Brown, Jones & Smith (1990c).
Note that the last three examples would all have been cited as Brown et al. in the text,
with the a, b and c relating to the order of citation. The names and initials of all authors
should be given in the list of references. The style should follow the examples below:

Books
Zatsiorsky, V.M. (1995). Science and practice of strength training. Champaign, IL:
Human Kinetics.

Journals (Papers or Abstracts)

Elliott, B., Marshall, R. & Noffal, G. (1996). The role of upper limb segment rotations in
the development of racket-head speed in the squash forehand. Journal of Sports
Sciences, 14, 159-165.

Chapters in Books

Stephenson, D.G., Lamb, G.D., Stephenson, G.M.M. & Fryer, M.W (1996). Mechanisms
of excitation and contraction coupling relevant to skeletal muscle fatigue. In S.C.
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Gandavia, R.M. Enoka, A.J. McManus, D.G. Stuart & C.K.Thomas (Eds.), Fatigue:
Neural and muscular mechanisms (pp. 45-56). New York: Plenum Press.

Chapters in Published Books of Conference Proceedings or Abstracts

Howe, B.L. & Bell, G.J. (1986). Mood states and motivation of triathletes. In J. Watkins,
T. Reilly & L. Burwitz (Eds.), Sports science: Proceedings of the VIl Commonwealth and
International Conference on Sport, Physical Education, Dance, Recreation and Health
(pp. 273-278). London: E & FN Spon.

The issue number of a journal should be included only to avoid confusion, as when for
example the pagination starts from 1 in each issue rather than being continuous across
a volume; in such cases use 16(4), etc. Authors should seek to minimize references to
non-published material, including collections of conference abstracts that are not
generally available through libraries or electronic databases. When it is absolutely
necessary to reference unpublished material, this must be done within the citation in the
body of the paper, for example (Bartlett & Bremble, unpublished data); the material
must not be included in the list of references. Secondary references should be avoided
if at all possible; if not, the reference should be listed as, for example: Full reference
(cited in Zatsiorsky, V.M., 1995, Science and Practice of Strength Training. Champaign,
IL: Human Kinetics).

Style guidelines

Description of the Journal's reference style, Quick quide
Any consistent spelling and punctuation style is acceptable.
If you have any questions about references or formatting your article, please contact
authorqueries@tandf.co.uk (please mention the journal title in your email).

6. Disclosure of Potential Conflicts of Interest

It is the sole responsibility of authors to disclose any affiliation with any organisation with
a financial interest, direct or indirect, in the subject matter or materials discussed in the
manuscript (such as consultancies, employment, expert testimony, honoraria,
speakers'bureaus, retainers, stock options or ownership) that may affect the conduct or
reporting of the work submitted. If uncertain as to what might be considered a potential
conflict of interest, authors should err on the side of full disclosure. Information about
potential conflict of interest should be clearly stated at the point of submission (for
example in a cover letter, or where available within the appropriate field on the journal'
Manuscript Central site). This may be made available to reviewers and may be
published with the manuscript at the discretion of the Editors.

7. Disclosure of Sources of funding

All sources of funding for research are to be explicitly stated, at the point of submission.
This may be published with the manuscript at the discretion of the Editors.

8. Proofs
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Proofs will be sent to the corresponding author for correction in electronic form. The
difficulty and expense involved in making amendments at proof stage make it essential
for authors to prepare their manuscript carefully; any alterations to the original text are
strongly discouraged. Our aim is rapid publication; this will be helped if authors provide
good copy, follow the above instructions, and return their proofs as quickly as possible.
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Metimam vchmnry somelre contmaioe strength
of e kit b artorsocs was asesgd an 20 (157
rad; full koee expemon= 0" oo a2 cliboeed
isnrnsic dymamomaer (Biads Sywiem 3 Pro
Bicden Mediml Syaeres, Inc, SHriey, MY, USA)
The participms wore semed b on upright posicon
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with the wonk &t spprosimatcly 0F of Raden, and
with restmiming strape coamed over the upper ounk
(cheut), hip, and teigh, The gavity corrections for
lenb mas wee pedfomnoed bifloe each Bome e
mscianent in sccordmoe with the manofacnarer's
imructione (Bode Pro Maual, ApplkadonsOp-
emtioes, Biodex MMadicl %’!.I.n'ﬂ:, [n¢1 &.‘Hq’r N"l’,.
USA)L The lmser joint wa alignoed with the mis of
rotation of the dwmamometen and e kg wa
tecused o the dynamometer son & the ankle. For
all mests, the participant: wene skad o perform ithree
mmEnal Tty gontractors for b cach, weh
I min berween comractions. Peak tongue was iden-
tified for esch comeraction by the dynemometer
software (Bedox Sytem 3 Advantage Softwar,
Biodex Medical Sysems, Inc, Shirley, NY, USA),
amd the gverage of the theee mopradions we
recorded B further amalysis

Muede wwemeer. Musele soreness was assestad waimg a
veue adogue scale consntng of a 1009w
commuous line anchored by “no pam™ ([0 mem)
smd “wery, very pamBul" (100 mew) ((hen, Mesks,
& Saceo, 20074y Since proviow stwles (Ghen
et al_, 300Th, 2008E) Ad not repors amy Sfferemees
between lep inthe muscle sorenme mesmarrsent 2 fler
downhill runming; the mesurement: wene taken
from the left leg only in the proem awdy
Pamicipants were sckad to record the severity of
musde sosencs of the amerior (high and shank,
posterior thigh and shank, and hip regioms of dwic
left leg imenedmiely after they performed depprgon
a HW<m box five tEmes on adh occaseon (Chan
et ., 200Th,, 20:08) . The sum of the vabses from the
five reglond, where 500 wi the msiomem vakic, wa
usid for further anmbyos_

Blad amabeis. Appeoiimately 10 ml of blsod wen
dewn from the smecubinal van by o stsedaed
venepunaue, and centrifuged for 10 min o obiain
plisma Plidme semple were shoned for 3-4 weeks af
=20"C untll smalyik for creatine kinae activiny and
mmglobin concenuration. Flema crestme kimas
activily was determined apectrophotometncally by
an automated dincl chemistry ambwr (Model
080, Hiachi Co. Lid,, Tekyo, Japan) wing a tet
kit (Sigma Dhagnosdes, St Lows, MO, USA).
Fluma myoglobin concentration ws soeded by o
bechemical anadyssr (Model ADVIA-Comtawr,
Bayer Co. Lad, Levedossen, Germany) usmg a nest
kit (Denka-Saken Co. Lad., Tokyo, Japan). Samples
wene analyeed in duplicate, and the man of the twoe
mames war wed for ssiwical salwie. The
normal relfrence ranges e crestine bimss and
myoglobin are 3=174 U 1"%and <110 g 177,
respeavdy, according 1o the nformanion provided
in the kit

Muwcde domage and mumning aoomosmy 1139
Parasmaen o Rovang soomesy

Rumning sonemy paramsten consswd of POy,
minute ventilation, respiratory exchanges ratio, heart
rae, and mting of parcciwed aemion. Afer the sme
wann-up cxerciae as that performed before downhill
rmping, petdpents performed level moming =t
TO, B0%, and O of pre-dewesmimad 00
(3 min for each micomity scpeated by a 10-min
recovery beoween dilferent intndiies) n a rando-
mizad oeder, § md 3 dayw balome, mmd 2 and S doyy
after, downhill numning. A pilot study showed that
heart rate and PO, reumed 1o similae vallues within
10 min of kevel mening regasdles of the imenaitia,
amd the effect of one level run on the next intmsy
appesred 1o by minimal, Basgd on previow reseerdh
(Paschalis o al., 2005, 2008; Seom o ol ., 2008) and
our plot ifudy, the prosent siody adopted thros
imersivies: TOW, B0%, aovd W VO based
on the mampton tar TO% 10, would be balow
the lactace threshold, 80% FOumes would be cloue
o the bactme dwedhold, and ®0%. PPy, o would be
above the beatste thraho . Thisv wai confirmed by
the hlood | sctate concentrations mesured after sach
Ieved rum, The tealmill wlgites for the throee
imtersities were desermined for each panicipant, and
the seme welodtis were wied for e tree kvel Foni
duing the cxporimantal pedod. The avemge troad-
mill velociy Bor 7O, BOW, and 00% T0L_ . wis
33+ 202m-min"", 1726+ DA m ma ",
and 244 + 255 m - min~?, rapecivdy.

Dhring runming, opired gae wens oolleciod
contimuously wong an autormated gas analyck: oysiem
[(Vemama? & Semmordlalics Corp. Yorba Linda A,
USA) &k we confirmed that & swsdy sate in che
FO. sesponse wa obisined within ithe fist 3 min for
al mumsites, amnd thus the average of the las 60 s
was wed to mpreent mming ecomomy, Hesm roe
wat recordad by dhort-wave radio whemetny (Pole
S610 momigor, Kempele FPmland) duning leve
rumping, and dee meam valoe of the lmt 60 & of each
inerdaty wad wed for further analids. Rabng: of
pereived o on were msewmed dwmg e las 20 s
of each mvmsity using a Borg scale (Borg, 1970).

Hlood |seeste concantration wis mesmurned by &
pormable Lacae-Pro malywe (Lactae P,
Tester Meaer, Arkray Inc, Kyoto, Japan) bebne
levd rubning and 3 mde dfler fenning 8 ach
imteniry (70, 80, and $0% FOnpa). niing fngertip
Hood sample,

Kmemans weanmws

Sagital plame images of levd renping were recordod
for 10 s baween % and 4 min @ eadh inemsiy
by & video cmmems (GR-DWVLOSMOU, WVC Co.,
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1140 T C Chrmet al

Kanagaws, Japan) at 120 He Sirade lengih, sade
frequency, and range of motion of the nkle, knee,
and bhip Pl woee dacmniped wsmg the Asicl
Pedformance Analyss System (Ade Dyramics bue,
NJ, USA), Sollowing the method desoribed by Chen
et al [ 2007H).

Relibili

The valum of the criterion mamare (MVC, masck:
SGriniEs, fURMAE GCOROMEY pammmebas) obtited
from the 15 paticipants ko on two dffcrcnt days
before downhil running were compared by a paired
e, md the pest-reeea elishilivy of thae vnshls
was smaemeed by coe ficient s of variacion. The paired
et showed no significant diffeaoes bowean days
ot amy metsiused, with the cosfficent of vasiston
for MVC, musde worenes, creatme Hoose, and
myoglobin belmg .8%, 00%, 9.3%, sad 10.4%,
sapectivady. The cefideann of mastion for "0;,
minwte ventilagion, sepEytony cxdhan ge rato, heat
rite, radng of perceived coanien, Botae conontae-
tion, siride length, stride Frequency, hip mnge of
maotion, knee range of moton, and ankle ramge of
motion & dffrent imensdia (0%, S0%, %0%
Pl were 33380, 6238230 1.1-31%, L1-
ATH, LA-54%, 65T 4%, SS-6.A% UO0-3.4%,
A T=Tel, 3760 % and 4 964N, rapaciEvay.

Saavistionl amalys
Chenges: in MVC, muscle sorencss, plasms aemine
Einase acivity, and myoglshin concentrstion owver
tirmse (Before; immaderdy after; and 1=5 days after
downhil sumning) were snalysed by mepemed-mear
sures  one-way armbyei  of verignoe (AMOVA)
Changes in FiOz during 8 S=min lovd run at exch
intersity before, and 2 and 5 days after, downbill
runmng were amalwied by one-way mepesicd-meie
sunes ANOYA w0 daermine when a sweudy soae i
POy was scheewed, I:I-.:‘ql B onunning  edsnay
parameten ad kinemate mesums Jdurng levd

mumping were alio malimed by a one-way AMOVA
with repeatad messures for each intensity separately.
When a signdficant e offeot was fownd, 3 Schafls
pot-hoc tesn was conducted o determime where @t
was sgnificanly Fom beselime Changes in O,
e vanRiReen, repiraony oxdhangs fatko, beat
T, and !'-I.H‘ of F:I\:\Ql'u-d. exeTinmn tl]n} T
valioe of the fined misoe of the Smin of leved
mumnning) before; and 2 and 5 daws after; downhill
numping were compared among che three intemuitics
[P0, BO%., aied 00% 1D ) b D0y et d-
memunes ANOVA, Chmga in the kinematic mes
swes (vride lngh, adde frequency, and ankle,
ke, mnd hip renge of motion) before, snd 2 and 5
days sfer, downhill onning were alvo compared
among the ingermities bey two-way ropeat od-measumes
ANOVA. N the AMOVA revaled a wignificast
intemoon effect (ntenciny * Gme), a ScheféE poo-
e tosn was porformed to chedk ahe Sfkrones st cach
tife  poinl.  Stal el sgnificano: W el al
F o005, Data are presontod as means + standand
devauon unles othorwisg statd.

Hesalo

Indenom of mack dmnage

Table | shows chage in the souscle  damags
ind i ons over dme after downhill ronning. Downs-
Hll rurmisg radited @ cgnifiam (72 005 dowl
oprnen L of moscle sonenoss, decneases in pak MYG
and incresses in plsme ceotine dnmse scriviry and
myoglobin concentmtion that lscted for S days afier
dwmh il runming.

Chanper tn mumeing acomomy affer doeninll neening

Figure 1 shows dhanges in POy during the S-min
Tumening eConomy ol bdons, and 2 and § diys after,
downhil rmning for the different memeiies (T0%,

#0%, and 90% VOimeh Sesdysme Py wa
acdeved witkin 3 min of the atan for all intensites

Tank I (Mukighed o Suieial Solu 8 e Lo B eagth of Be Be caEakd MWD, Snidtle dhisiad G of e Wads of i
regionn) . and plan e Crm S Enaer SR i E Okl SO ENETES 0 [ £ i m— 15 bedore (aseine |, snoed e iy @wr (07, and

19 deyniter downhill runmng,

Tms (day)

A r e a 1

2 ] 4 L]

MYC (W om) 29303
SiwhEn s (EnEmd as8z=a8
Cremme nse §59= 108
e 1=
A poggletun
(o 07"

"L are (= 00T dfrase o basslns valuen

198 = 4007 1S = W
LTS TE L [T T
2308 = 156.9% Taom = Sm0n®

RS = 5T delI= AT e s aTa
1983 =TT gl ans”  fazsa”
BIE4 = R sans = 4TEET 621 = SR

1700 2 453
e
5017 = a2
22 = iTRA" 00+ 15963 iTRA= 098" Q642 T

BEsiAs 957 = 000" AT = Zide"
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3 i 5

Hgve 1 Thanged ia 0y (meing i) derng Tms of ol
runssng ot ek of (8 TH %, b BNy wnd (r) PO O
Emlem [pas, dad D Folupha Do omme i wiemed. S gaadickal
L = A IR [ ) T eFEr Toe arows (] etee;
T dap e Y don i8] oy B pain B2 wheth §
By s Wl acheval

rogirdlas of the wa sccmion, slibsugh the Hm
Ry e pach the sleady aEe inEasl Wih
incresing intermly. When comparng betwien dajs.
no agrtfico dfocea wa ovidaot for e TR
inmmiy; howover, a dgnifimam diffeeso: e
eddent betaden welme awd 2 dam after downbil
rurmeng (or the B0% imeasity, and bereeon b bne
and both 2 and 3 days @ter downhill running for e
L L T T

Figwe 2 shows changes in all muooning ecomoeny
pereneten befoee, md 2and 3 dow after. downbil
rirmang. Alinore  wenrbdon, ;. SEgerAnay
evdurge ik, hoxi raic, saleg of pouived ouce
tion, and blosd |[EtElE cnoEG@EON D@L
wignikcanaly (F= 005 soth ¥ snd § dsw athar
dowmhid] runming for dw G0% amd 90% moming
intereities, b thi ws oot the cme e the 0%
intirsity. For ccamps, Oy aamasd by 12% (2
digs afer dosabill ramning) ad 5% (3 W afer
dowrhi] runmsing) o hmeline for 905 Fie.
mad by T (2 doys alfter dosenkill runeing) asd 39 (5
days ks cowrhll runmang) lor S0 1Oy, o, wih

My dowap ud rowsngy sonom

the Tgritude of incra being signifcmlly gans
e b GOVAL thtrs thos SOAL Brveavaciey (Fguee 23] The

clangs i il renmng eanony  pammatas
EECipL or minule vantilton were a0 ignillsnly
gremter for the 80% 0w than Bif I%n,__.

141

ll"'ll " "" Lr r *r P | By L i
Tuble Il sheras somualieed changes inthe kinermanic
vrabla fom beelne valus & the Smin nening
pesnomy et 2 and §depeaher downbil reening for
all tlooe istemiga (T0%, 807, acd 90 I:"ﬂ“.'.l.
Mo significant changpes in the varible were evilome
For T 10 . b contrat, srds fraguancy and
the ol variabkes (emde lengh, and ankie, Enos
ard hip renpe of reolon) chaasd  cgnifieans
(M= 0% Darees aad denass, aspoaivaly,
from hEeline 2 and 3 A0S afle downhil nnning
fir thae B8 e 90% mimaiies. Foo acsmple, ade
length decreased by 8% 2 days affer downhill
mnmsgl md 4% (3 day aPbe doanhll neneeng)
For 0t P00 and by 4% (2 dse afies dowakil
runming) mxd 2% (3 deys sfterdownhil reneing for
Bl PO . wigh dw magninde of decneae being
ugnificandy grastar for the Q0% than the RO
immeasing. The denpe o e paremwn Gllievieg
disankil nmning were cgnificantly grester for 60
PO gy T BB P For the cihey wasabls
[0

MHmriies bods

The main pemqose of e preomn oedy ws o
comppare g o rumnng oomemy emong lovel
rumd ot thres diffemn nenmnsE [TU%, 0%, and
oy, B alter devashill asneing pesisemed by
usrrmned irndviduas, The dewhpmen of muscle
prensd, s of mosle gengh, o noess n
Plagns crmel e kinaw sctuwty and oyoghbbin con-
canmmion ater downliill mmping (Taole [y mdicae
mudcde demsre Braon & Dobo, 2008 Bwene
Tadsr, & Bovon, 200y Chen & al., 3007k, J00H).
BEed on the indred meriers o muasde w
(MVC, rramcle sremess, cremine kinns, med mys
globia), the magninade of s e damege mduced Ty
the deanldl psning in ithe praent sudy Speral
1w b proater dhom tha i & previms arnady ia which
the sgme downlal rucsding v polormed (Claan
Etal, 2047h). TEe dEfermol n e magmneds of
muodcls demage wa el due v da difeon
sanple usal, sich thm du prsem sely esad
ustrainid indviluas wheres hes o al (2007h)
umd mmined sevcor phm e The offect of downkill
rnning on clings .o nonicg economy and
kinematic swsuss (Fgore 2, Tihe I sl
appeirad o b grester i ot proson snady than than
of Cher ét &l ETE), Il is Bkaly thai the graier
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m: = .mj 1%
T 4 -I—lw{lv . -
! i, Em' Bl |
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EH}- wd
by M . ol . .
12 FF
F - "
124 - & B
= M e o
N 4 B
1604
16 -'_H_._._,-r"_
e € 1004
e . 10 - .
°F *E} e
- - e,
» o= i“‘ e W
£ 2 10
3
i
Y — . . ol LHE . .
] i ¥ e z L]
T itay) Tisis i}

Faus I, (Clanges (mean + 4 0 ) Py D) o ealein (Fi, (6 repeeory ccheags o JER), (d) heat s (HE), md &)

radngol pescened everion (B dawe § mmo of el

and (f hood lxcmte concansadon LA 3 oo dier § min of bavel oo g

ut TEN, BN, and 0% PO, bdore (pecl, md 2 nd. F i ader, dewohil racniog (DHED. "Sendicant (P < 003 ) i Ercson
(nenmiy « e} g MignSan (P =008 ddaence Soo baelne (pre) whaes.

mascle damage naducod in the prewm smady con-
tribumed vo the brger decrensss in nuoning soon omy
gompeed with pmviows sudks Braun & Duno,
20003 Chenn ev al, 2007k).

Before deowaing the maull further, it & impos-
wnt o confirm i sweady-sae POy was achiovad
during the S-min kewel run in the neanng ¢oon oy
teat e all mrmaics, and whahe the avemge of the
lmt one minme of dars for the ronming eosnomy
parameten epoocntod dhangs in runnng ooon oy
after downblll running. As shown in Flgare 1, 70y
reached & seady smae in the fire 3 min for al
impe i e, and no deilt in 170w evident even for
the highvmteminy noaming. Ths, @ would sppess
that the lag mmue of cach neemity represcots the
steady stane, kb is abo importsnt 1o note the muscle
damnage &d mot afea whe tme wmlen o seach a
cteady wte m P70, although sne might soems that
muscle demage would dehy the schiovement of a
steady stane,

As shown in Figere 2 and Table I, significant
changes in rusning ecomomy and kKinemaie mes-
cures 2 mnd 5 dew sfier downhll renning wes

otmserved for ghe 80% and %0 % ncmites ba mot for
the 7o mumsiy. Previow studies (Pasdals e al,
203, 2008; Seoe et o, 2003 ) that Bd mot mport a
significant offect of musele demsge on runmng
eqaomy uisd & relatively ow Etensity of reonng
0 SMCE MUDNNng economy (eg 5775% File ). It
would sppesr the the offec of mmsscle damage on
runfng coaomy depends of the BeanuRy of de
rmming aconomy teme [0 iz pomible thar ne
significant ofect of muscle damage on running
coonomy bund m previeus swdies (Hamill e al,
1991; Pedealis at ol J00%, 2008, Scort « o, 200%)
was due dther o the low inten ity of running wed o
ameis ronEng economy of mnor muscl demege
imelacod by overcise, whidh did not affect the massclos
wied i the runmng economy e,

I sy be thae the dgnificant e of mack
dsmsge on rumning economy @ high imersites
(80% and 0% wm relaed to o difference in mumchke
fibre recrupment baween the 70% md highe
imsermigien, It should be moted that the bood lactme
concm iration after the kvel rum st T0% O we
clote o 4 memal « 17F, bt & wa above 4 memol - ]7°
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Munds domape gnd renming smomy 1143

Tahie BI. Changrs e de ool e Trog oo, gt o @0 eon of @0 anke . et snd G wmn s daneg. evel e oF TO, B, and
00N O s el Phielne), @ ke § LT A, AvEREl RS B

Temae (4273

Abrmams Blaf ey = k-
Karide lmngds (m - smicde™

100 (L77 = &l LTEXT] EIEEEE]
BO 100 (20 £ AL LIPS LRI PR
0% 100 (227 = @l L TES o LTS
Smde fegqueney (e 27"
0% 100 (261 + wom 10T = 42 Has=33
B 100 (277 & @08 1k £ 20" YR E
PO 100 (284 = 0 fe 1079 = 2 e = 1 4®
Hip mage of maesss [7)
% BOO (1% 85 = 147 s 2N MI=2H
RO 100 (T 59 = 126 e LTEEEY
S0t 200 (74 30 = 116 10 = a7 LT EY
Knee piage of motion. )
o8 Bind (eh fw = 336 LA E S ELETE R
B0 100 (67, 99 % 179 LR EST a9E31"
BoAe 100 (P4 0% & LW T = 2" i
Akl riogs of ot (1)
P04 100 (#4275 208 LA EET GRTS2%
i IM{J.I.-H=1:I!?I'| 'hL!-=z.H' 1I.l=_'!_'!'
Q0 100 (#2 3% £ 279 w0 = 1 LETES N

Mo For eiom downhill roumng ko viles (Eeean i w= 17 e down, nd somleed chenges Bom e bcdine e
Epercretape of haerinas radue) we dbosn Sor the S s downde B ruoeeg.

“Sgmfican @fkswe (Poo0y) tom 70% PO Sl dffeos (P 005) fem 80% POk, "Senifioen dlienm o
P G0N S, mielitiog.

for the other mwo inensitis (Figure H). Thi racruitment. Thie mighe be the reason why mo effec
indicat es that the level mm o S0% and 0% VO mms of muscle demage on nmping coonomy 8t 7%
wene pedformed above the aare theeshold It has b sy 8 £¥icheni,

boen docurnmibad thal ijpe | Blwa an recruiad The docrmied i running ecandmy ai BOM and
predominantly o imermites baow the [scue terab- 0% 0, . can g be seeocined with the dhanpes
obd; bot thst type I fibres are recroiced o intensi tes in kinemate parameters (Table ). Avels and Koms
above e lacwxe deshold (Abemethy, Thayer, & CresE) found datthe deacmed musk perbmmmas
Taylor, 1990 Golluide, Kadsson, Pidhl & Saltin, after marathon finnmg wa dué 1o imparment of the
1974). A abown in Tablle I, MVC was Doawes than ot shility o utilize chitic segy. Byree snd Boton
basdine by 22% amd 17T% mwo and five days afier (2002) have also reported that the abillivy w weilie
clowmhil] sumning, which indwats musde damage, chasic cncngy detmeases folbwing a high-inienaiy
Increameds in plisns Gesine Hame saddry and ddpuit sercwe (10 sde of 10 repetitons with & T0%
myoalolin conmmration (Tehle ) dos indicsts that bady mais load). The vignificent decmmes in trde
the muscle fibaes wenr damaged (Ghen ef als 2007 lmgth together with the significan deaoma @
Marqueste, Gonnein, Fur, Cozsone, & Bendahan, range of motion of te ankle, knee, and hip joins
200}, It has boeen shown that fype [T fbea see suone whin rumning ai high niemites (Tabde 1) magpeis
suseptible o cccentric ewrcsemndumed ek thae the smeunt of elsve esengy stomd wae
damage than oype | fwes (Fridén, Sparem, & amenusted, In M, aride froguency wol Doasoad
Ebblom, 1963). It could be that more vype [T Sbre significantly afier downbill uoning & 90% VOpnn
wem recruied during ithe high-nienisy i §.¢ (Table M. This iuggedis the mom énengy ik
BOS, 00%) comparad with that bofore downhill raquired to keep romning & e came high ety
ronming. The greser incresses m bomie afier The peuls of the present sndy sugpest cthar
downhil running foand for dee 0% and W% muscle damage could have a gmmer ofoct on
aribe et e (Figune 2) oy refl el & gri ter aontribio- endlirimnos performance i bigh thin o low Bt y
gicit of saerobic meetabiol i (Besen & Do, 2000, It i o meibile thaan muacle dewmsge induced by tsning
Gileeson, Blhomin, £, Brooks, & Cave; 199%5). In impairs high-mensity endorance rumning perfbr-
comras, o e lowe imcmmity (ke TOOR) i R mane. It sowld be that the pedformance of wan
posable that the reeruitiment of tipe [ midde Hhee apeorts ahletes 1o affected by Ml damage heciine
wad lEmimed and it wis sof macEasny o incrasce their of not omly 5 decrasse immuscle stength wnd powe
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1 T. C. Chen e al

bt alw 3 oo B adewrane prbaman e, This
showld be comidersd by coaches md owesie
pEaiteners when they dsign mining chedula
before competRions or garsed.

Meferences

Ammegy. P ] Tiawe, B & Tages & W (1790 Aaus md
edarcwmie pespuemen of did el mmade o endusne amd e
waEwL Spre Alehoes, 19 W00 W9

Al | & Kami PV (1008, Ratmeed st sofla ws mviy
e A el e W N e ST
Eteih b2 Dudde Pordgheim Poaumad of Agpbel Pl pe, M1,
0-AR

Hamg €. (10T0) Fercarel ststim i de s of wmese
S, e Faea o Hobiduhiiteen Medur, I, 95 P8,

Bracs, W A, & D, 15 ] (200%). The o of & injle b
of dowmhedl sanning and evsng deiped oo of masde
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