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Laboratory Tours
the application of varying forces. This is true for
tennis balls between the time they are packaged
and when they are opened for testing. The precompression machine applies a deformation of
2.54 cm (1 inch) 3 times on 3 perpendicular axes.

International Tennis Federation
Laboratory
Submitted by Stuart Miller
The ITF Technical Centre is the world’s most
advanced tennis-specific research facility. It
contains equipment required to perform research
and investigation into all of the technical aspects
of tennis to the highest standards.

Ball Approval
A key function of the Technical Centre is tennis
ball approval. All testing, administration and
calibration procedures adopted by the ITF
Technical Centre in testing tennis balls for ITF
Approval, and administration of the ITF court
surface classification scheme, are carried out and
managed according to ISO 9002.
Pre-compression Machine
Mass: The weighing scales used in the
laboratory are calibrated to 0.001 g. To put this
into perspective, the scale can easily detect the
increase in mass due to the addition of the ink!

The ITF Technical Centre Ball Testing
Laboratory
The laboratory has a dedicated temperature and
humidity control, which runs 24 hours per day,
365 days per year. This maintains the
atmospheric conditions at a constant level (20°C,
60% relative humidity) and ensures that all
testing takes place under the same conditions.
Ambient conditions are monitored at several
locations around the laboratory to ensure
consistency throughout the testing area.

Weighing Scale for Ball Mass.

Pre-compression: Before any testing takes
place, all balls are pre-compressed to remove
any ‘set’ in the ball. Set is a property that occurs
in some materials when they are not subjected to

Size: Diameter, along with mass, are the oldest
ball specifications, having been in the Rules of
Tennis since 1880. Although it would appear to
2
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be an easy task, accurate and repeatable
measurement of ball diameter is difficult.
Whether a ball is of an appropriate size is
determined using 2 ring gauges in a ‘go/no-go’
manner. A ball must pass through the larger one
under its own weight, but not through the
smaller one. Each ball is rotated on the smaller
gauge to check its concentricity. The internal
diameters of the ring gauges are calibrated to
0.0005 cm.
The Stevens Deformation Testing Device

Forward and Return Deformation Tester
Ring Gauges for Testing Ball Diameter

While accurate, the Stevens machine is a timeconsuming process. The automated compression
tester can work about twice as quickly as a
human operator using the Stevens machine. This
machine is controlled by computer, which
specifies how many balls to test and what values
to record. A key advantage over the Stevens
machine is elimination of operator error due to
factors such as speed and timing of testing. In a
year, this machine will compress over 5,000
tennis balls.

Deformation: The behavior of tennis balls after
impact with the racket and/or court surface is
partly determined by the ball’s deformation
characteristics, which describe how the ball
shape changes under a known load.
The original device for testing ball deformation
is the Stevens Machine, named after its inventor.
This is a mechanical device which applies a
known load to a ball placed between two plates.
The operator compresses the ball by turning a
handle and the amount of deformation under a
known load is measured from a scale.

Rebound: The rule specifying how the ball
should bounce was set in 1925 and is still in use
today. The test involves dropping a ball
vertically from a height of 100 inches
(2.54 metres) and measuring the rebound, which
should (for all standard balls) be between 53 and
58 inches (1.35-1.47 metres). The equipment
used in the ITF laboratory consists of a vacuum

The Stevens machine has been superseded by an
automated device, but it is still used to calibrate
its successor.
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pipe that holds the ball at the correct height
before being released, a polished marble block
onto which the ball bounces, and a video camera
and light source. Each rebound is recorded and
the rebound height measured from the shadow of
the ball that is cast against a scale.

4
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High Speed Impact Tester
Surface Pace: In addition to research and
approval of tennis balls, the ITF Technical
Centre conducts projects with court surfaces.
Since 2000, the ITF has operated its Court
Surface Classification Scheme, by which surface
pace has been categorised as ‘slow’, ‘medium’
or ‘fast’. Accurate measurement of pace is
achieved using a machine knows as the Sestee.
Using laser technology housed in its two boxes,
the Sestee mathematically reconstructs the
trajectory of the ball both before and after
impact, from which pace is calculated. An airpowered cannon is used to project the ball
through the boxes at a speed of 30 m·s-1 and at
an approach angle of 16º.

Ball Support Mechanism Inside Plenum
Chamber
Durability: The Technical Centre is also
interested in the durability of tennis balls and
surfaces. The wear tester contains an air cannon
which can fire tennis balls onto a surface at a
range of angles. Balls can be automatically and
continuously cycled through the system at rates
of up to 700 impacts per hour to simulate
wearing during normal play.

Ball Wear Tester

The Sestee.

Dynamic Impact: Impact speeds in tennis can
be very high. For example, in a smash, the ball
can hit the court at over 50 m·s-1 (100 mph). To
simulate the effects of high speed impacts in
tennis, we use a ‘bazooka’ air cannon, that is
easily capable of firing a ball at speeds of over
60 m·s-1 (135 mph). This equipment can be set
up to model the impacts between balls and both
rackets and surfaces.

String testing: Racket string characteristics are
measured using the Instron. This is a
pneumatically-operated device designed to test
the response of string to a variety of forces.
Strings are attached in a vertical orientation to
upper and lower grips. Pre-tension is adjustable
to allow the initial tension to be the same as that
to which string would be subject on a racket.
The maximum tension that can be exerted is
2000 N at speeds between 0.05-1000 mm·min-1.

5
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MYO simulates a tennis serve by using a
powerful motor to rotate a racket in the vertical
plane. A ball is dropped from above onto the
racket and is ‘served’ through a speed-measuring
device. Any impact point between ball and
racket on the long axis of the racket can be
selected and is accurately controlled by
computer software. Ball speeds greater than the
fastest recorded serve by a human can be
generated.
Shoe/Surface Interaction: Tennis is played on
a variety of surfaces, which have different
mechanical characteristics. The shoe-surface
tester (SST) is a custom built device, designed to
simulate a foot strike using a real shoe on a real
surface. It is able to produce combinations of
vertical, horizontal and twisting movements to
measure friction and shock absorption.
Instron String Tester

Racket Power:

Shoe/Surface Interaction Tester
The ITF Technical Centre web site can be seen
at www.itftennis.com/technical.

Racket Power Machine
The racket power machine (known as “MYO”)
has been designed specifically to measure the
performance characteristics of tennis rackets.
6

Vol. 20, No. 2

Winter 2004

Sport Biomechanics Laboratory, The
University of Western Australia

•

Submitted by Professor Bruce Elliott (Senior
Biomechanist)

•
•

The School of Human Movement and Exercise
Science (Biomechanics Lab) currently had 6
biomechanists (Bruce Elliott, Brian Blanksby,
Tim Ackland, David Lloyd, Jacque Alderson and
Peter Mills) and all, at different times, have been
involved in sports research. As a group we are
interested in:

•

“flick” in field hockey (this is linked with
perceptual training of goal keepers)
The linking of morphology and boat set-up
in kayaking
Knee loading during side-stepping (males vs
females)
Spin and fast bowling in cricket
(performance and injury prevention)
Modelling of the ball-bat impact in baseball

While the list above is a brief look at the general
areas in which we work, it is in no way
comprehensive and does not include the clinical
research that could easily be linked with sports
research. The laboratory is particularly proud
to be closely associated with two of the worlds
most popular sports-The International Tennis
Federation and The International Cricket
Council.

• clinical biomechanics (particularly cerebral
palsy, osteoarthritis, tissue mechanics and
running)
• occupational biomechanics (work-place
loading and stress on the body in general)
• musculo-skeletal modelling (particularly the
knee joint) and
• sports
biomechanics
(performance
optimisation and injury prevention).

Biomechanics Laboratory, Texas
Woman’s University
Submitted by Gary Christopher (Doctoral
student)

We are lucky to have a very good laboratory
infrastructure, which includes motion analysis
systems (Vicon, Peak and SiliconCOACH);
force platforms, dynamometers and EMG
systems.
Our laboratory technicians also
provide the “team” with purpose-built
equipment, which further permits interesting
research questions to be posed.

I would encourage anyone interested in
biomechanics to consider graduate studies at
Texas Woman’s University. In addition to our
well-equipped laboratory space, we are fortunate
to have a world-renowned biomechanist on
faculty. Dr. Young-Hoo Kwon is the Director of
the Biomechanics Laboratory.

However, Bruce, Brian and Jacque clearly have
a bias toward sports biomechanics. Projects in
2004 included:

Dr. Kwon earned his Doctor of Philosophy
degree at The Pennsylvania State University in
1993. He served as a Senior Researcher at the
Korea Sport Science Institute, Seoul, Korea,
from 1993-1997. He then served on the faculty
of Ball State University at Muncie, Indiana,
from 1997-2001. Dr. Kwon joined the faculty of
TWU in January 2002.

• Gymnastics – the role of lead-up drills in
tumbling
• Investigation of the aetiology of patellofemoral pain in running
• The role of leg-force in rowing
• Loading of the shoulder in tennis
• Power flow in Australia rules kicking
• The role of shoes in modifying lower limb
movements in runners with excessive
pronation
• Kinetics of swim turns and lower limb
loading in the dive start
• Develop of a mechanical model of the

Dr. Kwon’s students receive a strong theoretical
education in computational biomechanics. We
study topics in matrix methods, vector
transformations, inverse dynamics, forward
dynamics,
computer
programming,
and
musculoskeletal modeling, among others. We
also review current literature and evaluate
7
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website at www.twu.edu/biom. Additional
information is available at the Department of
Kinesiology website at www.twu.edu/hs/kines,
the
College
of
Health
Sciences
at
www.twu.edu/hs, and the Graduate School at
www.twu.edu/o-grad/.

methods employed by other laboratories in order
to improve our capabilities. Sound skills in data
collection and data analysis are taught from the
first semester of enrollment. In addition to topics
in biomechanics, graduate students take
advanced courses in statistical inference and
research methods. Opportunities for study in
exercise physiology and adapted physical
education serve to broaden the educational
experience.

The Biomechanics Laboratory is located on
TWU’s main campus in Denton, Texas. The
centerpiece of TWU Biomechanics is our
Motion Analysis Laboratory. It is the largest
laboratory space on campus, and one of the
largest biomechanics labs in the world. With its
large volume – 21 x 12 x 4.5 m (70 x 40 x 15 ft.)
we can easily accommodate the analysis of
many sporting activities, from baseball pitching
and golf swings to volleyball spiking and
basketball shooting. Double exterior doors allow
easy access for large equipment, such as a
basketball goal or a vaulting table.

Opportunities for collaborative research with
physical therapists, exercise physiologists, and
adapted physical educators abound. The Denton
Independent School District has strong Special
Education programs and they are supportive of
research involving children with physical and
mental disabilities.
A full description of our Biomechanics Graduate
program can be viewed on our laboratory

Motion Analysis Laboratory
• Kwon3D motion analysis system
• KwonGRF ground reaction force analysis
software
• 32 Channel, 12-bit A/D box
• Ascension MotionStar electromagnetic
motion analysis system

Our laboratory is furnished with state of the art
equipment for human motion analysis, including
video,
ground
reaction
force,
and
electromyography. A Biodex System 3 isokinetic
dynamometer has been added to our arsenal
recently. Equipment in our laboratory includes:
8
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•
•
•
•
•

after a six-week training program. This is the
first of several studies investigating the
female Anterior Cruciate Ligament injury
enigma.

Two AMTI force plates
Noraxon 8 channel telemetry EMG
Six 60 Hz digital video camcorders
Two 60 Hz mini video cameras
Two camera enclosures for underwater
motion analysis
• Two high speed cameras (30-500 Hz)

• Effects of Long-Term Pole Walking in an
Older Population – The purpose of this study
is to assess the effects of a new-design
(telescope-style) of walking poles on the
lower-extremity gait biomechanics of the
elderly. This research is being supported by a
grant from the National Institutes of Health.

Any description of our laboratory and equipment
would be incomplete without a discussion of
Kwon3D and KwonGRF. Kwon3D is a generalpurpose motion analysis package with broad and
in-depth analysis capabilities. Its main strengths
are the solid theoretical foundation and the
streamlined package structure. Kwon3D is
flexible, allowing users to customize analyses to
their unique needs and eliminating the needs for
additional user programming. KwonGRF is a
sister software package of Kwon3D, specifically
developed for ground reaction force analysis. It
is compatible with various force plate models
commonly used in biomechanics, such as Bertec,
AMTI, and Kistler. Ground reaction force data
can be analyzed either independently or
imported into Kwon3D for further analysis such
as inverse dynamics.

• The Effects of Added Prosthetic Mass on
Physiology and Biomechanics of Gait in
Individuals with Unilateral Transtibial
Amputation – The purpose of this study is to
assess the effects of adding mass to the
prosthesis in increments up to the mass of
the intact limb.
• Biomechanical analysis of Grand Rond de
Jambe en l'air in college level dance students
– The purpose of the investigation was to
determine if skilled and novice dancers
exhibited different strategies for balancing
during a complex dance skill.

Our recent research projects include:

Planned research projects include:

• Analysis of Baseball Pitching – A Major
League Baseball pitcher visited our facility
recently (post-season) and agreed to be
videotaped for a biomechanical analysis.

• The effects of strength training on gait in
children with Down’s Syndrome
• The effects of a Pilates training program on
core strength and balance
• The effects of a Pilates training program on
knee stability
• Underwater camera calibration techniques

• The Effects of a Targeted Training Program
on Knee Stability in Adolescent Female
Soccer Players – The purpose of this study is
to determine if knee stability is improved

Officers’ Reports
(Vice President, Conferences and Meetings),
Hermann Schwameder (President Elect), Duane
Knudson (Board member) and Barbara
Gowitzke. As ever, the first post-symposium
report will consider the awards made at the
symposium.

VP Awards’ Report 2004
The Ottawa symposium was the first opportunity
to gather for the first time in 2 years and it was
great to see so many people in attendance. Both
old and new faces were there, both of which
were recognised by the society. The ISBS
Awards Committee is Stuart Miller (Chair), John
Blackwell (Secretary-General), Youlian Hong

Geoffrey Dyson Lecturer: Benno Nigg
delivered the 2004 Geoffrey Dyson Lecture on
9
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• 2002: Doris Miller
• 2003: Roger Bartlett, and Jim Hay*

‘impact forces and injury – a new paradigm’.
This was a well-received consideration of the
research activity of Dr Nigg and others in the
field of injury causation.

Life Member: Pekka Luhtanen was officially
honoured with a Life Membership in Ottawa.
Pekka has made a consistent contribution to
ISBS over many years. He was a member of the
ISBS Board of Directors from 1986-2002, VicePresident for Conferences and Meetings 19891991, and a member of the Awards Committee
2000-2002. He was given the highest award of
the Society in 1997, when he presented the
Geoffrey Dyson Lecture at the XI Symposium in
Denton, Texas. Pekka joins a select list of key
contributors to ISBS, which is shown in the table
below:

The Geoffrey Dyson Lecturer at the 2005 ISBS
symposium in Beijing will by Roger Bartlett.
The Awards Committee will resume its task of
selecting the Geoffrey Dyson Lecturer for 2006
(this task was not necessary in 2003/4 due to the
postponement of the Beijing symposium).
The table below summarises the history of
Geoffrey Dyson Lecturers.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

1987: Gerhardt Hochmuth
1988: Marlene Adrian
1989: Bruce Elliott
1991: Elizabeth Roberts
1992: Vladimir Zatsiorsky
1993: Doris Miller
1994: Gert-Peter Brüggemann
1995: Patrick Bishop
1996: David Winter
1997: Pekka Luhtanen
1998: Herbert Hatze
1999: James Hay
2000: Bruce Mason
2001: Peter Cavanagh
2002: Jesus Dapena
2004: Benno Nigg
2005: Roger Bartlett

• 1989: Juris Terauds
• 1997: David Kelley, John Ostarello, and
David Waddell
• 1998: Ellen Kreighbaum
• 2001: Hans Gros
• 2002: Barbara Gowitzke
• 2003: Pekka Luhtanen
New Investigator Award: The
New
Investigator Award for 2004 went to Cassie
Wilson of the University of Wales Institute,
Cardiff. Her paper ‘Optimisation of performance
in running jumps for height’ was felt by the
Awards Committee to be outstanding and worthy
of the award. An honourable mention was given
to Karen Roemer for a paper entitled ‘Solving
inverse problems in biomechanics using leg
extensions as an example’.
The current list of New Investigator Award
recipients in shown below.

Fellow: Two Fellowships were awarded in
Ottawa. Bruce Elliott, the President of ISBS and
already a Fellow, received one award on behalf
of the late Jim Hay. Roger Bartlett, who has
recently left England to be an Associate
Professor at the University of Otago in New
Zealand, was the other recipient.

• 1990: Milan Jurdik; University of Karlova,
Czechoslovakia; “Biomechanical Analysis of
the Horizontal Jumps”
• 1990: Greg Wilson; University of Western
Australia, Australia; “Maximizing The Use
of Elastic Energy in a Stretch Shorten Cycle
Movement”
• 1992: Nigel Stockill; Crewe+Alsager
College, UK; “A Three Dimensional
Cinematographical Analysis of the
Techniques of International and English
Country Cricket Fast Bowlers”

The Awards Committee has now begun the
process of receiving nominations for Fellow for
2005 (see the end of this report for details). The
current list of ISBS Fellows is shown in the table
below (* indicates a posthumous award):
• 1989: John Cooper, and Ruth Glassow*
• 1997: Juris Terauds
• 2001: Bruce Elliott, and Stanley Plagenhoef*
10
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• 1993: Mark Walsh; California State
University, Northridge, USA; “Kinematics
of the Pole Vault Approach”
• Brian Caster; University of Oregon, USA;
“The Effect of Height and Post-Landing
Movement Task on Landing Performance”
• 1994: Marco Caffi; Politecnico di Milano,
Italy; “Balls Mathematical Models and
Mechanical Tests”
• 1995: Calvin Morriss; Manchester
Metropolitan University, England; “The
Biomechanics of Elite Javelin Throwing
Technique”
• 1996: Laurie Malone; University of Alberta,
Canada; “The Effects of Wrist Restraints on
Wheeling Biomechanics”
• 1997: Sang Yeon Woo; Seoul National
University, Korea; “A Three Dimensional
Analysis of the Windmill Style of Softball
Delivery for Fast and Change-Up Pitching”
• 1998: Toshimasa Yanai; School of Physical
Education, University of Otago, New
Zealand; “Mechanics of Body Roll in FrontCrawl Swimming”
• 1999: Margaret McBride; Australian
Catholic University, Australia; “Use of RealTime Telemetry to Monitor Instantaneous
Seat and Boat Velocity in Pair Oared
Rowing”
• 2000: Young-Tae Lim; Yeungnam University,
Korea; “Estimated Lumbar Spinal Loads
During a Golf Swing using an EMGAssisted Optimization Model Approach”
• 2001: Thor Besier; University of Western
Australia, Australia; “Muscle Activation
Patterns at the Knee Joint During
Unanticipated Sidestepping Tasks”
• 2002: Clara Soper; Auckland University of
Technology, New Zealand; “The
Effectiveness of the Goggles Training
System as a Coaching Tool in Changing
Pelvis Angle at the Catch during On-Water
Rowing”
• 2004: Cassie Wilson; University of Wales
Institute, Cardiff, Wales; “Optimisation of
Performance in Running Jumps for Height”

stuart.miller@itftennis.com. This should be done
by the end of February 2005.
In addition to selecting the recipients of awards
for 2005, the Awards Committee is currently
revising the descriptions and criteria for each of
the ISBS awards. These will be announced at the
2005 symposium in Beijing.
Stuart Miller

VP Public Relations
Happy New Year! You may recall in my last
report that pursuing affiliations and sponsors
were priorities for the ISBS public relations. I
am pleased to announce the International
Society of Biomechanics (ISB) has been eager to
expedite an affiliation with ISBS. They are
planning to include a short introduction of the
ISBS mission and goals to the ISB membership
in their spring newsletter. Additionally, they
are entertaining the idea of including a meeting
at the upcoming ISB conference in Cleveland,
Ohio to discuss how these two societies can
work together to help support biomechanics
related activities world wide. The three main
elements of an affiliation that may benefit
members of both societies may be discounted
memberships, discounted purchases of our
journals, and promotion of each others societies.
With regard to sponsorship it is important that
clear and alluring incentives are used when
pursuing and keeping sponsors of ISBS.
Examples of incentives the public relations
committee has proposed include: reduced rates
for commercial exhibits at the annual
symposium, advertisement sections for logos on
our ISBS website, and corporate memberships
that offer multiple copies of the Sport
Biomechanics Journal.
If you have any
additional ideas for sponsorship incentives,
please let me know. However, before an
incentive can be offered to potential sponsors it
needs to be approved by the VP of conferences,
local organizers, and the executive board. Well
what do YOU think? Your feedback on these
items would be greatly appreciated.

Nominations for awards are currently being
received by the Awards Committee. Members
are invited to submit nominations to me at

Eadric Bressel
11

‘Sports Biomechanics’
Letter from the Editor
Dear ISBS2004 Presenter
As I announced at the ISBS AGM at this year's
congress, which some of you may not have
attended, I am prepared to have reviewed for
publication in Sports Biomechanics papers based
on research presented at the ISBS Congress in
Ottawa. The main proviso is that the submitted
paper must contain results and points of
interpretation additional to those included in the
Congress Proceedings. All papers would also
have to conform to the new full Guidelines for
Authors, which are attached.
Any presenters in doubt about the suitability of
such a paper should contact me before formal
submission.

paper and follow the instructions later in these
guidelines.
Authors are encouraged to nominate two
reviewers for their paper, and include full e-mail
and postal addresses of these nominees, who
must not be informed that they have been
nominated. At least one of the reviewers of the
paper will not be from the nominated list.
Authors should endeavour to write in a style that
is ‘reader friendly’ and, in particular, ‘coach
friendly’. Achieving this while maintaining
scientific rigour is obviously a major challenge
for authors, reviewers and the editorial team.
The avoidance of non-standard abbreviations
and mnemonics greatly enhances a paper’s
readability, as does writing in plain English and
avoiding overuse of the passive voice.

Roger Bartlett, PhD, Editor

Required Structure for Papers
Submitted to Sports Biomechanics

Full Author Guidelines for Papers
Submitted to ‘Sports Biomechanics’

Authors are required to adhere to the following
structure for ‘Original Research’ papers; some of
these sections may not be relevant for other
types of paper.

Submitting a Paper to Sports
Biomechanics
Failure to adhere to these guidelines may result
in the paper being returned to you for revision
before it is sent for review.

Title: The title should reflect the practical
importance of the research as well as indicate its
scientific basis.

Papers may be submitted for publication in
Sports Biomechanics in any of the following
categories:

Abstract: The abstract should be not more than
200 words, should summarise the main findings
and should conclude with clear statements off
the practical implications of the research for
practitioners or, in the case of papers for ‘New
Methods and Theoretical Perspectives’, for
sports biomechanists.

• Original Research
• Reviews – normally only by invitation from
the editor
• Teaching
• New Methods and Theoretical Perspectives.
Regardless of the category of submission, papers
must be scientifically rigorous and will be peer
reviewed by at least two reviewers with
expertise in the topic. The review will be
anonymous; no indication of the authors’ names
or affiliations will be sent to the reviewers.
Please bear this in mind when writing your

Introduction: The introduction should clearly
elaborate the potential benefits of the research
and its findings for sport practitioners. The aims
and objectives should be stated so as to capture
both the contribution to knowledge and the
practical benefits of the study. All hypotheses
should be clearly formulated. A simple outline of
how particular variables are related to
performance could be included in the
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introduction, if appropriate.

results.

Methods: The methods section should
document the overall procedures and the
participants involved, provide sufficient detail to
allow replication of the study, and give relevant
technical information to establish clearly the
scientific merit of the study. However, authors
should
seek
to
make
this
material
comprehensible to a non-specialist reader and
provide guidance when technical information is
presented. Material that is difficult for a nonspecialist reader, such as complex mathematical
models, should be included as an appendix and
referred to in the methods section. Elaborate
statistical procedures should also be included in
an appendix.

Discussion and Implications: This section
should be separate from the results section and
should elaborate the implications of the results;
it should also make clear the limitations of the
study. It should be possible to read this section
without recourse to the statistical results or
further statistical information and terminology.
Practitioners should be able to skip the results
section and understand the findings of the study,
and their implications for sport performance or
injury prevention, from the discussion and
implications section alone. Achieving this
requires skill from authors to restate findings
simply without repeating unnecessarily the
information provided in the results section. If
appropriate, this section may include coaching
practices, training drills and activities that are
indicated by, or arise from, the research or
review.

The methods
following:

may

also

incorporate

the

• Simple definitions of technical terms; this
may be included as a section of its own at
the beginning of the methods section.

Conclusion: The conclusion should summarise
the main scientific findings and their practical
implications in the context of the study’s aims
and objectives.

• If appropriate, and if not already
incorporated into the introduction, a
description of the rationale for selecting
particular variables for analysis and their
relationship to performance or injury should
be included. This description should be
simple, with an appropriate heading such as
‘Variables Selected for Analysis and Their
Relevance to Performance (or Injury)’.

References: Please ensure that the paper
contains adequate referencing. Be fastidious
with checking reference details, ensuring that all
references given in the body of the document
appear in the reference list and that authors and
years of publication correspond. For referencing
style, see comments later in these guidelines.

• Where appropriate, information to establish
the validity and reliability of the methods,
and the magnitude of errors, should be
provided, except in review papers. A
statement that approval for the study was
obtained from the appropriate research ethics
committee must be included, but the name of
the University or Hospital whose ethics
committee approved the study should not be
included, otherwise anonymity is jeopardised.

Submitting the Manuscript
Process of Submission: To expedite reviewing,
manuscripts will be handled electronically. The
manuscripts should be submitted to the Editor
(rbartlett@pooka.otago.ac.nz) by e-mail as an
attachment, preferably as an MS Word document
(.doc), and must be line numbered continuously
throughout the document to facilitate reviewing.
Main Document and its Front Page: The front
page of this main document should contain only:

Results: Sport practitioners should not be
prevented from grasping the results because of a
lack of knowledge of statistical procedures and
terminology. However, no claims should be
made without citing the relevant statistical

• The title of the paper
• A running title of no more than six words –
this will be used as a page header in the
published paper
13
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• Use SI units throughout. Where multiples of
the base SI unit are used, choose 103 or 10-3
multiples, for example use mm not cm.

• Up to six keywords in alphabetical order
This document must not contain any material
that could identify the authors.

• Put a space between the number and the unit
except for º (and %).

Tables and Figures: Tables should be laid out
with clear row and column headings, 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.

• To help practitioners to read your data, use
the convention m/s rather than m·s-1 (this is a
change of journal policy with effect from the
July 2005 issue and is also in line with both
American Psychological Association and
Journal of Biomechanics usage). Bracket and
use powers to avoid ambiguity: for example,
use m/s2 not m/s/s; (kg·m)/s; W/(m·K).

• Tables and figures must not be imbedded in
the text. They may be added to the end of the
main document with a list of the figure
captions after the tables and before the
figures; the figures must not contain titles or
notes. Alternatively, figures may be
submitted as separate attachments.

• Do not give results to too many significant
figures; be guided by how accurately you
can measure or calculate a variable. Three
significant figures is a good rule-of-thumb,
but few data acquisition systems used in
sports biomechanics can measure to better
than 1º, so giving a figure of 13.7º is
unrealistic.

• If the figures occupy more than 4 MB, then
attach them in a zipped document; do not
send figures in EPS format.
• Copyright permission must be obtained for
all figures taken from other sources,
including the internet.

• Scalar variables, including statistical
symbols such as p, t and r, should be in
italics, vectors in bold typeface, constants
and abbreviations, such as sin, that are not
variables should be in roman typeface; all
should usually be lower case. Greek symbols,
and subscripts and superscripts that are
identifiers not variables should be in roman
typeface; for example, θ not θ, xi where i =
1,2,3… but r1, Fmax.

• All figures must be of camera-ready quality
and not in colour.
• Photographs should be scanned at a
minimum of 300 dpi and line illustrations
should be scanned at a minimum of 1200 dpi.
Both should be saved as uncompressed TIFF
images, the final size of the scan to be about
250 x 200 mm. On line illustrations, do not
use a line weight of less than 1 point.

List of Authors and Institutions,
Acknowledgements, Originality:
• A list of all authors with first names and their
institutional affiliations, the full electronic,
phone, fax and postal address of the contact
author, and any acknowledgements should
appear in a separate, attached document.

• Do not submit illustrations or graphs created
in MS Word or Excel, as these cannot be
imported into the typesetting programs used.
• Images downloaded from the internet and
JPEGs are usually low resolution (72 dpi)
and unsuitable for reproduction.

• Authors must also attach a scanned letter,
signed by the contact author with the
authority of all of the authors, which
establishes the originality of the material
submitted, that it has not previously been

Units, Symbols and Numbers:

14

Vol. 20, No. 2

Winter 2004
Hamill et al., 2001; Jones, 2001).

published (except, perhaps, as an abstract)
and is not under consideration for
publication elsewhere.

Citations of Different Publications by the Same
Authors in the Same Year
Brown et al. (1995a; b; c) where the a, b, and c
are normally in order of when they are first cited
in the text.

Important Instructions for Formatting Your
Documents:
• Manuscripts should be written in UK
English, double spaced in Arial 12 Font with
normal character spacing.

The List of References:
Order
In the first instance, list in order of the first
author’s surname. Where the name of the first
author appears more than once, the order will be
determined by:

• Allow at least 25 mm borders at top, bottom,
left and right of each page, laid out as if to
be printed on A4 paper.

• First, the number of co-authors (none, one,
or more than one).
• Secondly, for one co-author, the first coauthor’s surname, then the year. For two or
more co-authors, year then order as dictated
by the use, for example, of 1998a; b; c in the
citations. For example:

• Unless otherwise specified in these
Guidelines, the formatting style should
conform to the guidelines in the Fifth Edition
of the Publication Manual of the American
Psychological Association (2002).
• Please be very careful to conform to the
format for figures, tables, references, and
overall style established for Sports
Biomechanics. In the case of citations and
references, please use the style and
punctuation conventions given below.

Brown, P. M. (2001). [Details]
Brown, P. M., and Smith, F. X. (1994). [Details]
Brown, P. M., and Thomas, G. O. (1992).
[Details]
Brown, P. M., and Thomas, G. O. (1999).
[Details]
Brown, P. M., Smith, F. X., and Thomas, G. O.
(1998a). [Details]
Brown, P. M., Smith, F. X., and Thomas, G. O.
(1998b). [Details]
Brown, P. M., Smith, F. X., and Thomas, G. O.
(2000). [Details]

Citations and References
Citations in the Text:
Single Citations
One or two authors:
Ramsey and Smith (2003) reported … or …
softball players in the USA (Ramsey and Smith,
2003).
More than two authors:
Bartlett et al. (1996) reported … or … novice
javelin throwers (Bartlett et al., 1996).
Use et al. rather than the full list of authors even
on first citation.

Journal Papers
Elliott, B. E., Grove, R. G., and Gibson, B.
(1988). Timing of the lower limb drive and
throwing limb movement in baseball pitching.
International Journal of Sport Biomechanics, 4,
59-67.

Multiple Citations
Arrange in chronological order of date of
publication, separating references by a semicolon, for example, (Tysvaer and Storli, 1989;
Matser et al., 1998; 1999).
When several publications occur in the same
year, list within the year in alphabetical order of
the first author, for example, (Elliott et al., 2001;

Note: Journal title in full and in italics, volume
number in bold typeface, no issue number unless
journal starts from page 1 for each issue rather
than for each volume, in which case use 3(2),
where the issue number is in bold typeface in
parentheses.
Books
15

Vol. 20, No. 2

Winter 2004
guidelines.

Norton, K., and Olds, T. (1996).
Anthropometrica, A Textbook of Body
Measurement for Sports and Health Courses.
Sydney: University of New South Wales Press.

Results of the Review
You should be informed of the results of the
review about six weeks after submission of your
manuscript. On the basis of the review, your
paper will be categorised as one of the following.

Note: Book title in italics and with title case;
Town of Publication: Publisher – for books
published in the USA, do not include the
abbreviation of the state in which the town of
publication is situated – see next example.

Reject: Not suitable for publication in Sports
Biomechanics.

Second and Later Editions of Books
You do not need to include the edition number
of a book, as this is implicit in the publication
date. However, should you wish to include that
information, do so as follows.

Revise and resubmit: The paper will be
accepted only if the concerns of the reviewers
are addressed to their satisfaction. The paper
will be rejected if the authors fail to make
satisfactory responses to the reviewers’ concerns.

Hay, J. G. (1993). The Biomechanics of Sports
Techniques (4th Ed.). Englewood Cliffs:
Prentice-Hall.

Accept with minor changes: The authors must
respond to the reviewers’ concerns to the
satisfaction of the editor and, in some cases, one
or both reviewers.

Edited Books or Conference Proceedings
Krug, J., Minow, H-J., and Jassman, P. (2001).
Differences between jumps on hard and elastic
surfaces. In J. R. Blackwell (ed.), Proceedings of
Oral Sessions, XIX International Symposium on
Biomechanics in Sports (pp. 139-142), San
Francisco: International Society of
Biomechanics in Sports.

Accept: The paper is accepted with only minor
editing by the editor.
If you do not receive notification of the results
of the review within eight weeks please inform
the editor.
Roger Bartlett
School of Physical Education, University of
Otego
PO Box 56
Dunedin, New Zealand
Fax no: 0064 3 479 8309
Email: rbartlett@pooka.otago.ac.nz

Note: ISBS could be used here instead of the full
name of the society, as it is a universally
recognised abbreviation in our domain.
Secondary References
Avoid the use of these if at all possible; if not,
use American Psychological Association

Upcoming Conferences
Submitted by Gay Christopher.

Apr 6-9, 2005; Portland, Oregon, USA
Gait & Clinical Movement Analysis Society
http://www.amrinc.net/gcma/2005/index.cfm

Orthopaedic Research Society 51st Annual
Meeting
Feb 20-23, 2005; Washington, D.C., USA
Orthopaedic Research Society
http://www.ors.org/Meetings/51stAnnualMeetin
g/AnnualMeeting.asp

Rocky Mountain Bioengineering Symposium
Apr 8-10, 2005; Copper Mountain, Colorado,
USA
Instrumentation, Systems, and Automation
Society
http://www.rmbs.org

GCMAS 10th Anniversary Meeting
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ISPGR XVIIth Conference
May 29-Jun 2, 2005; Marseille, France
International Society for Posture and Gait
Research
ispgr2005@atout-org.com

XIVth ESMAC Annual Meeting
Sept 2005, Barcelona, Spain
European Society of Movement Analysis for
Adults and Children:
esmac2005@biomecanica.net
Bertram Müller: b.muller@biomecanica.net

ACSM 52nd Annual Meeting
Jun 1-4, 2005; Nashville, Tennessee, USA
American College of Sports Medicine:
http://www.acsm.org/meetings/index.htm

27th Annual International Conference of the
IEEE Engineering in Medicine and Biology
Society
Sep 1-4, 2005, Shanghai, China
IEEE Engineering in Medicine and Biology
Society:
http://www.ee.cuhk.edu.hk/EMBC05shanghai/in
dex.html
emb-conferences@ieee.org

European Workshop on Movement Sciences
(EWOMS)
Jun 2-4, 2005; Vienna, Austria
http://www.vu-wien.ac.at/i111/www/EWOMS2005/welcome.html
ASME Summer Bioengineering Conference
Jun 22-26, 2005, Vail, Colorado, USA
American Society of Mechanical Engineering:
http://www.asme.org/divisions/bed/events/summ
er05.html
Jennifer S. Wayne, Ph.D., Conference Chair,
jswayne@vcu.edu

HFES 49th Annual Meeting
Sep 26-30, 2005, Orlando, Florida, USA
Human Factors & Ergonomics Society
http://hfes.org/meetings/menu.html
12th International Conference on Biomedical
Engineering
Dec 7-10, 2005, Singapore
IEEE Engineering in Medicine and Biology
Society
http://www.icbme.org/
icbme05@inmeet.com.sg

1st World Congress on Sports Injury Prevention
Jun 23-25, 2005, Oslo, Norway
Oslo Sports Trauma Research Center
Norwegian University of Sport & Physical
Education
http://www.ostrc.no/congress2005/

6th Conference on Engineering of Sport
Jul 11-16, 2006; Munich, Germany
www.sportkreativwerkstatt.de/isea2006.de.htm

XXth ISB Congress & 29th ASB Annual
Meeting
Aug 1-5, 2005; Cleveland, Ohio, USA
Cleveland Clinic Foundation
http://www.isb2005.org/
info@isb2005.org

5th World Congress of Biomechanics
Jul 29-Aug 4, 2006; Munich, Germany
http://www.wcb2006.org/
International Symposium on the 3-D Analysis of
Human Movement
TBD, 2006; Valenciennes, France
http://www.utpb.edu/3DHumanMovement/#2006

XXIIIrd ISBS International Symposium
Aug 22-27, 2005, Beijing, China
China Society of Sport Biomechanics
China Institute of Sport Science
http://www.cssb2001.net/isbs2005/

ISBS Board of Directors
Zealand
• Angus Burnett, Edith Cowan University,

2003-2005:
• Roger Bartlett, University of Otago, New
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Australia
• Kostas Gianikellis, Unicersidad de
Extremadura, Spain
• Christina Kippenhan, Bemidji State
University, USA
• Duane Knudson, California State University,
Chico, USA
• Kelly Lockwood, Brook University, Canada
• Wayne Marino, University of Windsor,
Canada
• Larry Noble, Kansas State University, USA
• Spiros Prassas, California State UniversityHayward, USA
• Hermann Schwameder, University of
Salzburg, Austria
• Manfred Vieten, University of Konstanz,
Germany
• Bing Yu, The University of North Carolina at
Chapel Hill, USA

2004-2006:
• John Chow, University of Florida, USA
• Hans Gros, University of Stuttgart, Germany
• Richard Hinricks, Arizona State University
• Patria Hume, Auckland University of
Technology, New Zealand
• Laurie Malone, Lakeshore Foundation, USA
• Guillermo Noffal, California State
University, Fullerton, USA
• Karen Roemer, Chemnitz University of
Technology, Germany
• Lothar Thorwesten, Westfälische Wilhelms
University, Germany
• Peter Vint, Research Integrations, Inc., USA
• Mark Walsh, Miami University-Ohio, USA

Editor’s Corner
Texas Woman’s University
P.O. Box 425647
Denton, TX 76204-5647
U. S. A.
Phone: +1-940-898-2598
Fax: +1-940-898-2581
Email: ykwon@mail.twu.edu

I apologize for the delay in distributing the
Winter 2004 Issue. There have been some
obstacles:
1. For some reason, the ISBS listserv
distributed my initial request of NL materials
late.
2. I’ve got only few responses from the
membership.
3. I accidentally formatted both my hard disk
and the backup drive in the process of
upgrading the OS on my computer. It took a
considerable amount of time to recover the
files (~20 years worth) from the formatted
disk. Of course, I lost some valuable files
permanently.

I’d like to dedicate the Spring 2005 issue to
‘ISBS election’. If you have been nominated for
an office, please send me an expanded profile of
yourself to show who you really are. Photos will
be nice.
Other items are also welcome since the special
issue does not exclude regular NL items.
Any suggestions regarding the Newsletter are
welcome, too. I need help from the membership.
Those who would like to serve on the Newsletter
Editorial Committee please let me know.

NL Volume 21 No. 1:
The deadline for the Spring 2005 issue of the
Newsletter is Mar 1, 2005. Please submit the NL
materials to:
Young-Hoo Kwon, Ph.D.
Biomechanics Laboratory

Young-Hoo Kwon
Editor, ISBS Newsletter
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