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Welcome

XXth Congress of the International Society of Biomechanics
and
29th Annual Meeting of the American Society of Biomechanics
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We are delighted to welcome you to Cleveland, Ohio, for a combined meeting of the
International and American Societies of Biomechanics. The last time the ISB held its
congress in the USA was in 1989, in Los Angeles, California. In the intervening 15
years, researchers in biomechanics have continued to make significant breakthroughs
in a variety of fields including the understanding and treatment of musculoskeletal
disorders, preventing workplace injuries and optimizing athletic performance at the elite
levels. New medical imaging technologies, microsensors, and computer algorithms add
to these breakthroughs on a daily basis. The work of our two societies is in the forefront
of advancement of the discipline of biomechanics, in both its academic and applied
arenas. Such advancement is especially significant as we progress through what the
World Health Organization has designated "The Bone and Joint Decade."

From July 31st through August 5th, 2005, we look forward to meeting colleagues many
of whom last gathered in Dunedin in 2003 and to making new acquaintances that will
spur collaborations. The underlying emphasis of the Congress this year is to create a
program that encourages student participation, with a great variety of educational
offerings in all aspects of biomechanics. We have two main objectives for the 2005
meeting: (i) to present an academic program of the highest quality, and (ii) to have a
rich social program that will complement the scientific meetings and allow new and old
friends to experience all that Cleveland has to offer.

We are confident you will find the meeting to be an outstanding congress that does
credit to both ISB and ASB.
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Peter R. Cavanagh, Ph.D., D.Sc. Patrick E. Crago, Ph.D.

Virginia Lois Kennedy Chairman of Allen H. and Constance T. Ford Professor and
Biomedical Engineering Chairman of Biomedical Engineering

The Cleveland Clinic Foundation Case Western Reserve University
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Organization

Organizing Committee

Brian Davis (Co-Chair)
Ton van den Bogert (Co-Chair)

Peter Cavanagh William Jirousek
Patrick Crago Robert Kirsch
George Chatzimavroudis Melissa Knothe Tate
Susan D'Andrea Scott McLean
Todd Doehring Katie Root
A. Seth Greenwald Paul Sung
Elizabeth Hardin Ronald Triolo
John Jeziorowski Guang Yue

Host Institutions

The Cleveland Clinic Foundation
Department of Biomedical Engineering
Orthopaedic Research Center

Case Western Reserve University
Department of Biomedical Engineering
Department of Mechanical Engineering

Louis Stokes Cleveland VA Medical Center
Motion Studies Laboratory

Cleveland State University
Department of Health Sciences
Department of Chemical and Biomedical Engineering

Lutheran Hospital
Orthopaedic Biomechanics Laboratories
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ISB and ASB Information

ISB Council Members

Mary Rodgers
Sandra Onley
Brian Davis
Julie Steele
Maarten Bobbert
Ewald Hennig
Senshi Fukashiro
Mark Grabiner
Robert Gregor
Walter Herzog
Jill McNitt-Gray
Joseph Hamill
Alex Stacoff
Karen Sggaard
Graeme Wood
Motoshi Kaya

ISB General Assembly

ASB Council Members

J.J. Trey Crisco
Walter Herzog

Ted Gross

Don Anderson

Art Kuo

Irene Davis

Julianne Abendroth-Smith
Steve McCaw

Kathy Simpson
Andrew Karduna
Melissa Scott-Pandorf

The International Society of Biomechanics will hold its General Assembly on
Wednesday, August 3™ at 12.00 p.m. in Waetjen Auditorium.

ASB General Assembly

The American Society of Biomechanics will also hold its General Assembly
during the Congress. Details will be announced.

ISB Desk

The ISB desk is located in the University Center Atrium (see Map, inside

cover).
Congress.

ISB membership questions can be answered throughout the
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General Information

Congress Venue

The Welcome Reception and Scientific program will be held at Cleveland
State University Main Campus, from Sunday July 31% through Friday August
5. Lunches and refreshments will also be provided, Monday through Friday
at the congress site. Detailed maps of the congress venue and more
information on the scientific and social programs can be found within this
booklet. Volunteers will be available on-site throughout through the entire
congress to assist you with any queries or concerns. Keep an eye out for the
people in the green polo shirts with the congress logo.

Registration Desk
The conference registration desk is located in the University Center Atrium
and will be open on Sunday between 8.30 AM and 6.00 PM, and during the
remainder of the congress. Please check in at this desk to pick up congress
materials or if you have any registration related queries.

Exhibitors
A number of national and international companies will be on hand to exhibit
their latest products. All exhibitors will be located in the University Center
(Atrium, basement and 2" Floor), from Sunday 8:30 AM to Wednesday 1:00
PM. See the map on page 9 for details. Please stop by during the conference
to see what is the latest and greatest in biomechanics.

Information and Message Service
A congress message board will be provided next to the registration desk. All
congress participants are invited to use this board at their convenience.

Banks and ATM’s

There three Automatic Teller Machines located on Cleveland State University
Main Campus. Each of these is open 24 hours and will take major bank and
credit cards. There is also a major bank (Huntington National Bank, 917
Euclid Ave) Bank within walking distance (0.66 miles) from the Congress
Center, which is open Monday to Friday between 9.00 a.m. and 4.00 p.m. if
you should require additional assistance. Both Bank and ATM locations are
included on the Accommodations map for your convenience (page 8).

Internet Cafe
A free internet café will be available throughout the conference, located in the
University Center, adjacent to the Atrium. The Cleveland State University is
also a wireless network hub for those bringing their own laptops. Please use
the following login information to access the CSU computing network (Login:
isbasb, Password: csuguest).
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Congress Badges
Delegates and accompanying persons are required to wear their official
congress identification badges for entrance to all congress activities including
the social events and functions.

Fitness Facilities
Access will be provided to Cleveland State University Weight Room and
Running Track facilities between 4:00 — 8:00 PM, on Monday, Tuesday and
Wednesday. If you are interested in using these facilities, please contact the
registration desk for more details.

Safety

As with most large cities, Cleveland has its share of do’s and don’ts in terms
of keeping safe. We also realize that part of the Congress experience is about
exploring what the host city has to offer. To assist you in this process, free
transportation will be provided to various destinations on Wednesday
afternoon. We strongly encourage you to take advantage of this offer during
your stay, both for ease of access and safety reasons. Additional shuttles
may be added at other times throughout the conference. Please ask for an
update at the information desk. If at any time you require immediate
assistance, please contact Cleveland State University Conference Services
(216-523-7203) or if it is an emergency, Campus Security (216-687-2020).
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Social Program

Sunday, July 31° Welcome reception on CSU Campus

Tuesday, August 2% Open House at Cleveland Museum of Natural History
Wednesday, August 3™ Tours and excursions

Thursday, August 4™ Baseball: Cleveland Indians and New York Yankees
Friday, Agust 5 Banquet at Rock and Roll Hall of Fame

Opening Ceremony

The Organizing Committee welcomes you to Cleveland and the XXth ISB Congress
and 29" Annual Meeting of the ASB for what promises to be a fantastic scientific and
social event. Festivities being with the Opening Ceremony at 3:00 PM on Sunday
July 31% held in the Waetien Auditorium (MU Building), followed by the
Wartenweiler Memorial Lecture at 4:00 PM. The order of events is listed below.

Music: Students from the Cleveland Institute of Music

Welcomes

Mary Rodgers — ISB President

Trey Crisco — ASB President

Ton van den Bogert — Cleveland Organizing Committee

This is Cleveland (Video)

Mark Tumeo — Vice Provost for Research and Dean, College of Graduate Studies
Patrick Crago — Chairman of Biomedical Engineering, CASE

Opening Address: From Marey to Mars — through Ohio
Peter Cavanagh, Chairman of Biomedical Engineering, The Cleveland Clinic

Music: Students from the Cleveland Institute of Music

Introduction to the Wartenweiler Lecture
Benno Nigg, University of Calgary

Wartenweiler Lecture: Bruce Latimer, Director, The Cleveland Museum of Natural
History. Biomechanics and Evolution

Music: Students from the Cleveland Institute of Music
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Welcome Reception

The welcome reception and barbecue will follow the opening ceremony and
Wartenweiler Memorial lecture, beginning at 5:00 PM in the area outside the UC
building, and will provide an excellent opportunity to meet and socialize with friends
and colleagues.

Open House Reception

After the poster session on Tuesday, hop on a trolley at CSU and join your
colleagues for an evening at The Cleveland Museum of Natural History in University
Circle (6:30 — 10_30 PM). Highlights include planetarium shows, a Late Jurassic
sauropod skeleton with a 6-foot, 4-inch femur, a cast of “Lucy’s” originally discovered
skeletal materials and her reconstruction; her genuine remains were returned. Also,
see live animals native to North America and a Foucault pendulum. Since this is an
“Open House”, you can come and go throughout the evening as you please. Trolley
shuttles will leave approximately every 20 minutes from CSU for the museum and
return you to CSU. This event is free for all registrants and includes food, drinks,
exhibits and planetarium shows. If you are still hungry after the reception, you can
venture over to Little Italy for a continental dinner. The last trolley back to CSU will
depart from the museum at 10:30 p.m.

Wednesday Afternoon Activities

A number of organized (paying) tours are set for the free afternoon on Wednesday.
In addition, there will be free transport for the “Cleveland Exploration Excursion”,
which incorporates tours of local landmarks and museums, as well as the
Orthopaedic Biomechanics Laboratories at Lutheran Hospital, VA Motion Studies
Laboratory, Case Western Reserve University Campus, and the Cleveland Clinic
Foundation Department of Biomedical Engineering.

Baseball

Join us on Thursday evening at Jacob’s Field to watch our beloved Cleveland
Indians take on the New York Yankees. See Newton’s laws of physics in action at
this truly amazing sporting extravaganza. Of course, if you would prefer,
Shakespeare is also playing at Playhouse Square.

Banqguet

The Congress will conclude with a gala banquet on Friday August 5 from 7.00 p.m.
until 10.00 p.m. at the Rock & Roll Hall of Fame on Lake Erie. Trolley shuttles will
again take you too and from the Banquet.
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Accommodations and Places

of Interest
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A. Holiday Inn Select

B. Embassy Suites Hotel

C. Wyndham Playhouse Square
D. Comfort Inn Downtown

E. Viking Hall (CSU)

F. Hilton Garden Inn

(O Huntington National Bank

@ Automatic Teller Machines

Baseball

A. Cleveland Clinic Foundation
B. Case Western Reserve Univ.
C. Intercontinental Hotel

D. Intercontinental Suites

E. Glidden House
F. VA Medical Center

G. Cleveland Museum of
Natural History

H. Cleveland Museum of Art
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Presentations

Podium Presentations

Each podium presentation will be limited to ten minutes, allowing five minutes
for questions and discussion. Presenters have the option of using their own
laptop, or using the computer provided in each room throughout the congress.
Those using the latter must have their presentation in PowerPoint format, and
saved either on CD, Compact Flash Card, or Memory (USB) Stick. You must
go to the speaker ready room (UC - Kiva, near UC1 and UCG6) at least 24
hours prior to your presentation. Our Audio-visual (AV) staff will make a copy
of your presentation, make sure it works, and install it on the computer in your
presentation room. At this time, you should make sure that all fonts appear as
expected and that all sound/video clips are working correctly. AV staff will
assist you and answer any questions that you may have. If you plan on using
your own computer, you must still visit the speaker ready room at least 24
hours prior to your session to test the connection and to inform AV staff that
you have arrived. If during your presentation any video files remain black, try
switching the laptop from "screen + projector" to "projector only". There will be
speaker timers in each of the presentation rooms. Speakers will be shown a
green warning light at nine minutes and a red light at ten minutes.

Chairpersons of Podium Presentations

Please arrive in the presentation room 15 minutes before the session in order
to introduce yourself to the presenters and AV staff. At the beginning of each
presentation please introduce the presenter, their affiliation and title of the
presentation. Please ensure that each presentation begins and ends on time
so that participants wishing to hear preceding and following talks in other
rooms can do so. There will be speaker timers in each presentation room,
which will be controlled by the chairpersons. If you have any problems, please
contact the AV staff member in your room immediately. In rare cases where
the presenter does not show, please take a break for that 15 minute time
period rather than move on to the next speaker. This will again ensure no-one
misses talks of personal interest.

Poster Presentations

The Tuesday and Thursday poster sessions will be held in rooms UC201 and
UC201 and UC Atrium respectively. People with odd numbered posters will
be required to stand at their poster from 3:45 PM — 4:45 PM. Those with even
numbered posters will need to be at their board for the next hour (4:45 PM —
5:45 PM). For the Tuesday session, presenters should have their posters up
by no later than Monday 2 p.m., and should be taken down by 9.00 a.m.
Wednesday. For the Thursday session, posters should be up no later than
Thursday 9.00 a.m., and should be removed by Friday 6:00 PM. Any posters
that are not removed by the required time will be disposed of.

10
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Awards

During the Cleveland-ISB/ASB-2005 Congress, a number of scientific awards will be
presented to recognize outstanding scientific contribution in the field of
biomechanics. These awards and the respective winners/finalists are listed below.

ISB Awards

Muybridge Award
Winner: Rik Huiskes, Eindhoven University of Technology, The Netherlands
Presentation: Wednesday, August 3, 11:00 AM, Waetjen Auditorium
Sponsor: ViconPeak

Clinical Biomechanics Award
Winner: Magnus Kjartan Gislason, University of Strathclyde, UK
Presentation: Wednesday, August 3, 9:00 AM, Waetjen Auditorium
Sponsor: Clinical Biomechanics, Elsevier Science Ltd.

Young Investigator Award (Podium Presentation)
Finalists: Ann Barkowitz, Jill Higginson, Emma Johnson, Craig McGowan,
and Thomas Withrow
Presentation: Wednesday, August 3, 9:30 AM, Waetjen Auditorium
Sponsor: Elsevier Science Ltd.

Young Investigator Award (Poster Presentation)
Finalists: Jingzhi Liu, Alena Grabowski, David Suprak, Sicco Bus, Yasushi
Enomoto, Elizabeth Chumanov, Steven Blackburn, Sarah Kruger, Veronica
Santos, Smita Rao
Presentation: Poster sessions on Tuesday and Thursday

Promising Young Scientist Award
2003 Winner: Constantinos Maganaris, Manchester Metropolitan Univ, UK
Presentation: Wednesday, August 3, 8:30 AM, Waetjen Auditorium
2005 Winner: Kermit Davis, University of Cincinnati, USA
Sponsor: ViconPeak

11
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ASB Awards

Borelli Award
Winner: Kai-Nan An, Mayo Clinic, Rochester, Minnesota
Presentation: Thursday, August 4, 1:15 PM, Waetjen Auditorium

Jim Hay Award for Sports Biomechanics
Winner: Mont Hubbard, University of California, Davis
Presentation Time: Thursday, August 4, 8:30 AM, Waetjen Auditorium

Predoctoral Young Scientist Award
Winner: Katherine Holzbaur, Stanford University, California
Presentation: Thursday, August 4, 9:30 AM, Waetjen Auditorium

Postdoctoral Young Scientist Award
Winner: Stefan Duma, Virginia Polytechnic and State University
Presentation: Thursday, August 4, 9:45 AM, Waetjen Auditorium

Microstrain Award
Winner: Azita Tajaddini, Cleveland Clinic Foundation, Ohio
Presentation: Thursday, August 4, 2:15 PM, Waetjen Auditorium
Sponsor: Microstrain

Clinical Biomechanics Award
Finalists: Wendy Murray and Robert Siston
Presentation: Thursday, August 4, 2:30 PM, Waetjen Auditorium
Sponsor: Clinical Biomechanics, Elsevier Science Ltd.

Journal of Biomechanics Award
Finalists: Joseph Crisco and Eun-Jeong Lee
Presentation: Thursday, August 4, 3:00 PM, Waetjen Auditorium
Sponsor: Journal of Biomechanics, Elsevier Science Ltd.

Other Awards

NAC-Miyashita Award for best paper from east Asia:
Sponsor: NAC Inc.
To be announced at congress

Delsys Recognition for EMG Innovation

Sponsor: Delsys, Inc.
To be announced at congress

12
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Tutorials

ISB tutorial lectures will be held on Sunday July 31% in the MC building and are
limited to registered participants only. Each tutorial requires a separate registration
fee of $30. Lunch will be provided for all registered participants between the morning
and afternoon tutorial sessions. A list of tutorial sessions is provided below.

Time Presenter | Title Room
) i Mark Motor Control: The Equilibrium-Point
9:30 AM —11:30 AM Latash Hypothesis and Internal Models MC201
9:30 AM — 11:30 AM | RIK Bone and Osteoporosis: MC202
Huiskes Computational Diagnostics
12:30 PM — 2:30 PM E;C;‘earrd 3-D Analysis of Movement MC201
12:30 PM — 2:30 PM | Jeff Weiss | Soft Tissue Mechanics MC202

Workshops

Two technical workshops will also be held during the congress, which you are
welcome to attend. You are required to register for each workshop prior to
commencement, but registration is free in each case. For the Novel workshop, you
can register online via the congress home page (http://www.isb2005.0rg). You can
register for the Tekscan workshop via their web site
(http://www.tekscan.com/medical/meetings.html). Each workshop will present state-
of-the-art technologies in pressure distribution measurement and analysis.
Workshop sessions will be held at the following times.

Date Start Time Session Room
Monday August 1% 5:30 PM Novel Workshop MC201
Monday August 1% 2:00 PM Tekscan Workshop UC364

13
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Scientific Program

Sunday, July 31 4:00 PM
Wartenweiler Memorial Lecture Waetjen Auditorium

Chair: Benno M. Nigg

4:00 | Bruce Latimer Biomechanics and Evolution

Monday, August 1 8:30 AM

Keynote Lecture
Chair: Karen Sggaard

Waetjen Auditorium

8:30

Don Chaffin

Biomechanical Analysis of Occupational High Exertion Tasks

Monday, August 1

Ergonomics 1
Chair: Don Chaffin, Krystyna Gielo-Perczak

9:30 AM

Waetjen Auditorium

Are There Inherent Differences in How Males and Females

9:30 | Kermit Davis Respond to Lifting?

9:45 | Allan Wrigley Principal Component Analysis Of Lifting Waveforms

10:00 Mohammad Abdoli- Impact Of Lift Assistive Device On Lumbar Compressive
Eramaki Force

10:15 | Jaap van Dieen No Single Lifting Technique Minimizes Low Back Load

Locomotion 1
Chair: Art Kuo, Rick Neptune

uc 6

Does Gravity Influence The Structure Of Chaotic Gait

9:30 | Max Kurz Patterns?

9:45 | At Hof Lateral Balance In A/K Amputees And Healthy Controls
Differential Effect Of M. Tibialis Anterior Fatigue On Walk-To-

10:00 | Veerle Segers Run And Run-To-Walk Transition Speed In Unsteady State

Locomotion Conditions

10:15

Jonathan Dingwell

Tracking Slow-Time-Scale Changes In Movement
Coordination

14
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MC 201

Effects Of Stress Deprivation On Biomechanical Properties
9:30 | Kozaburo Hayashi Of Regenerated And Residual Tissues In The Patellar
Tendon After Removel Of The Central One-Third
9-45 Naveen Effects Of Sex And Mass Density On The Mechanical
' Chandrashekar Properties Of The Human Patellar Tendon
The Influence Of Different Mechanical Stimuli And Growth On
10:00 | Kirsten Legerlotz The Mechanical Properties Of The Achilles Tendon In The
Female Rat
10:15 | Sarah Calve ¥2ﬁdl(r;1:uence Of Aging On The Material Properties Of

Space Biomechanics
Chair: Azita Tajaddini, Brian Davis

MC 202

A Dual Track Actuated Treadmill In A Virtual Reality
9:30 | Samantha M. Lane Environment As A Countermeasure For Neurovestibular
Adaptations In Microgravity
) Modeling And Simulation Of Reaction Forces In A Reduced
9:45 | Marcus Just ; .
Gravity Exercise System
10:00 | John DeWitt The Ef‘fef;t Of Spe(?d On Ground Reaction Forces During
Locomotion In Weightlessness
10-15 | Peter Cavanaah Treadmill Exercise On The International Space Station: The
' 9 Effects Of External Loading
Bone 1 ucC 1

Chair: Serkan Inceoglu, Robert Mensforth

9:30 | Dean Lang Quantlltatlve Trait Loci Influencing Bone Quality In Young And
Old Mice
) . Strain Field Acquisition On Ovine Fracture Callus With
9:45 | Michael Bottlang Electronic Speckle Pattern Interferometry
] . The Rule Of Creep In The Sex Differences Of Long Bone
10:00 | Luisa Moreno , . .
Resistance To Fatigue Failure
10:15 | Jessica Goetz Three Dimensional Multiscale Reconstruction Of Emu
' Femoral Head Osteonecrosis: From Cell To Organ Level

15
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Monday, August 1 11:00 AM

Ergonomics 2 Waetjen Auditorium

Chair: Karen Sggaard, Cecile Smeesters

] . Effects Of Reach Distance Upon Electromyographical
11:00 | Scott MacKinnon Activities Of Selected Upper Body Musculature
Single Motor Unit Activity In The Trapezius Muscles Of
11:15 | Karen Sggaard Elderly Female Computer Users With And Without Neck-
Shoulder Pain During Computer Work
11:30 | Nadine Dunk Gender-Based Postural Responses To Seated Exposures
11:45 | Peter Keir Prediction Of Forearm Muscle Activity During Gripping
12:00 | Kathleen Shyhalla Effgcts Oof Repe.t|t|ve Work On Discomfort And Performance
During Composite Tasks
The Effect Of Forearm Support On EMG Activity Of The
12:15 | Anne Moore Upper Extremities During Computer Work: A Chair
Intervention Study

Locomotion 2
Chair: At Hof, Frank Buczek

uc 6

11:00

Andrea Lay

Backward Upslope Walking: Implications For The Knee Joint

11:15

Gordon Robertson

Kinetic Analysis Of Gait Initiation

11:30

Frank Buczek

Telescoping Action Improves The Fidelity Of An Inverted
Pendulum Model In Normal Human Gait

11:45

Vassilios G. Vardaxis

3D Upper Body Acceleration Magnitude For Self-Selected
And Fast Walking Speeds In Young And Older Able-Bodied
Adults

12:00 | Hartmut Geyer The Spring-Mass Model For Walking
12:15 | Shawn O'Connor Optimization Of Feedforward And Feedback Control During
Walking

Soft Tissue 2 MC 201

Chair: lvan Vesely, Todd Doehring

11:00 | Raffaella De Vita A Stochastic Model For Ligament Mechanical Failure

11:15 | Feng Shen Rheological Behaviour And Modeling Of Brain Tissue

11:30 | Brent Mitchell Non-Linear Elastic Behavior Of Small Intestinal Submucosa
. Micromechanical Modeling Of Nonlinear Viscoelastic

11:45 | Murat Surucu Behavior Of Mitral Valve Chordae

12:00 | Costin Untaroiu Identification Of Viscoelastic Properties Of Human Medial
' Collateral Ligament Using Finite Element Optimization

12:15 | John Wu Estimation Of Viscous Properties Of Skin And Subcutaneous
' Tissues Via Uniaxial Stress Relaxation Tests

16
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MC 202

Chair: Gert-Peter Briggemann, Dieter Rosenbaum

11:00 | Ricardo Actis

Plantar Pressure Distribution In The Diabetic Foot During
Push-Off: Numerical Simulation Using The P-Version Of The
Finite Element Method

11:15 | Jason Cheung

Biomechanical Effects Of Plantar Fascia Release And
Posterior Tibial Tendon Dysfunction - A Finite Element And
Cadaveric Foot Simulation

11:30 | Carl Imhauser

The Development And Evaluation Of A 3-Dimensional,
Image-Based, Patient-Specific, Dynamic Model Of The
Hindfoot

11:45 | Paul Lundgren

Rotations In Rearfoot Joints At End Of Range Weight
Bearing

12:00 | William Ledoux

Forefoot Plantar Pressure Is Related To 3-D CT Derived
Measures

12:15 | Sachin Budhabhatti

Influence Of Foot Orientation And Bone Structure On Plantar
Pressure Distribution

Bone 2

ucC 1

Chair: Melissa Knothe-Tate, Luisa Moreno

11:00 | Todd Ritzman

Mechanobiological Influences On Bone Tissue Engineering
Strategies

11:15 | Daisuke Tawara

Mechanical Evaluation Of Therapeutic Effect For
Osteoporosis Vertebra By Using Patient-Specific Finite
Element Analysis

11:30 | Anja Niehoff

Voluntary Strength Training And Running Exercise Induce
Site-Specific Bone Adaptation In Adult Female Rats

11:45 | Grant Goulet

Fluid Flow In Bone Is Correlated To Sites Of Smallest Cross-
Sectional Area Perpendicular To Load-Induced Stress
Gradients

12:00 | Russell Main

How Does Bone Tissue Microstructure Relate To In Vivo
Bone Strains In The Goat Radius Through Ontogeny?

12:15 | Ted Gross

Muscle Function Locally Mediates Bone Homeostasis

17
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Monday, August 1 1:15 PM
Keynote Lecture Waetjen Auditorium
Chair: Art Kuo
1:15 | Andre Seyfarth Emergence of Gait in Legged Systems
Monday, August 1 2:15PM

Legged Robotics
Chair: Jon Dingwell, Andre Seyfarth

Waetjen Auditorium

2:15

Christopher Vaughan

Comparing The Gait Of Bipedal Robots With That Of Infants

2:30

Juergen Rummel

Stable Locomotion Of Feedforward Controlled One-Legged
Robot

Mechanical Performance Of Artificial Pneumatic Muscles To

2:45 | Keith Gordon Power An Ankle-Foot Orthosis
3:00 | Jesse Dean Powering The Kneed Passive Walker With Biarticular Springs
3:15 | Jimmy Li-Shin Su Local Dynamic Stability Of Passive Dynamic Walking On An

Irregular Surface

Gait Analysis

Chair: Tung-Wu Lu, Sicco Bus

uc 6

2:15

Michael Schwartz

A Comparison Of Two Foot Models Used In Clinical Gait
Analysis

Gait Deviations In Children With Severe Haemophilia

2:30 | David Stephensen | £ /ing Bleeding Into The Ankle Joint
2:45 | Sam Augsburger Assimilating Full Body Gait Graphs Into Single Area Plots
3:00 | Matthew Cowley Effect Of Marker Placement Methods On Calcaneal Rotations

3:15

Adam Fullenkamp

Clinical Usefulness Of Four Functional Knee Axis Algorithms
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Shoulder
Chair: Richard Debski, Mark Pierre

ISB/ASB 2005 CONGRESS

MC 201

In-Vivo Measurement Of The Compressive Force Under The

2:15 | Toshimasa Yanai .
Coraco-Acromial Arch
2:30 | Clark Dickerson Developrr_]ent Of A Biomechanical Shoulder Model For
Ergonomic Analyses
_ Variability In Isometric Force And Torque Generating
2:45 | Joseph Langenderfer Capacity Of Glenohumeral External Rotator Muscles
Arm Abduction Angle And Contraction Intensity Effects On
3:00 | Mark Timmons Deltoid And Scapular Rotator Muscle Recruitment During
Scapular Plane Isometric Contractions
, Rotator Cuff Muscle Architecture: Implications For
315 | Samuel R. Ward Glenohumeral Joint Stability
Foot 2 MC 202

Chair: Howard Hillstrom, William Ledoux

Pedographic Assessment Of Clinical And Functional

2:15 | Dieter Rosenbaum Outcome After Hallux Valgus Surgery - Comparison Of 32
Patients Before And After Scarf Osteotomy

2:30 Gert-Peter Effect Of Increased Mechanical Stimuli On Foot Muscles

' Briggemann Functional Capacity

2:45 | Michael EI-Shammaa The_Ef‘f_ect Of Muscle Imbalance On Foot Pressure In
Pediatric Patients

3:00 | Michael Voigt Fgot Prqnatlon In Vivo - Combined Midfoot And Hindfoot
Kinematics

315 | Michael Orendurff Regional Foot Pressure During Running, Cutting, Jumping
And Landing

Simulation ucC 1

Chair: Musa Audu, Ton van den Bogert

2:15 | Pui Wah Kong Computer Simulation Of The Takeoff In Springboard Diving
Stepping On An Obstacle With The Medial Forefoot: Use Of

2:30 | Sibylle Thies A 3D Dynamic Control Model To Simulate Age And
Neuropathy

245 | Jia-Hsuan Lo Simulation Of Forward Falls: Effects Of Fall Strategy And

' Available Muscle Strength On Injury Risk

3:00 | Jos Vanrenterghem Is Eﬁlplency A Viable Criterion For Sub-Maximal Vertical
Jumping?

315 | Leonard Rozendaal Joint Stiffness Requirements In A Multi-Segment Stance

Model
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Monday, August 1 4:00 PM

Pelvic Organ and Muscle Biomechanics Waetjen Auditorium
Chair: Margot Damaser, Adonis Hijaz

The Relationship Between Pelvic Floor And Abdominal
4:00 | Linda McLean Muscle Activation And The Generation Of Intravaginal
Pressures In Healthy Continent Women

A New Approach For Modeling And Analyzing The

4:15 | Jiro Nagatomi Viscoelastic Behavior Of Bladder Wall Tissue

MMP-I Up-Regulation As A Potential Mechanism For
4:30 | Rebecca Long Increased Compliance In Muscle-Derived Stem Cell-Seeded
Sis For Urologic Tissue Engineering

Direction Sensitive Sensor Probe For The Evaluation Of

4:45 | Chris Constantinou Voluntary And Reflex Pelvic Floor Contractions

Time Course Changes In The Mechanical Properties Of The

5:00 | Kevin Toosi Rat Urinary Bladder Following Spinal Cord Injury

5:15 | Chantale Dumoulin Dynamometry For Measuring Pelvic Floor Function

ISB Technical Group: 3D Analysis of Human Movement UC 6
Chair: Serge Van Sint Jan, Allison Arnold

4:00 | Serge Van Sint Jan Towards An Advanced Clinical Expert System For Patient-
' 9 Specific Modelling And Musculo-Skeletal (MS) Analysis?

4:15 | Bruce MacWilliams Current Challenges In Clinical Gait Analysis

430 | Lasse Roren Gait Data Collection Technology: Where Are We, Where Are

We Going?

435 | Jeff Thingvold Modgl-Based Analysis in Biomechanics and New Media
Applications

4:45 | John Rasmussen Challlenges In Musculoskeletal Modeling For Clinical Use

Simulation-Based Treatment Planning For Gait

5:00 | Allison Amold Abnormalities: Vision And Challenges

Fusion Of Biomechanics Data For Patient Monitoring In

515 | Marco Viceconti Pediatric Skeletal Oncology
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ISB Technical Group: Shoulder Biomechanics
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MC 201

Chair: DirkJan Veeger, Ed Chadwick

4:00

Paula Ludewig

Alterations In Scapular Kinematics In Patients With Shoulder
Impingement

4:15

Alexis Wickwire

Position Of The Humeral Head Shifts In The Glenoid Due To
The Presence Of Osteoarticular Lesions

4:30

Jurriaan de Groot

Arm Mobility Versus Glenohumeral Stability

4:45

Andrew Karduna

Suprascapular Nerve Block Disrupts The Normal Pattern Of
Scapular Kinematics

The Effect Of Generating Anti-Gravity Shoulder Torques On

5:00 | Jules Dewald Upper Limb Discoordination Following Hemiparetic Stroke
Force Steadiness, Neuromuscular Activation And Maximal
5:15 | Thomas Bandholm Muscle Strength In Subjects Suffering From Subacromial

Impingement Syndrome

ISB Technical Group: Footwear Biomechanics

MC 202

Chair: Joe Hamill, Elizabeth Hardin

4:00 | Keith Williams The Development Of The Footwear Technical Group
4:15 | Mario Lafortune The Footwear Technical Group and Industry

4:30 Nike Award presentation

4:45 Adidas Award presentation

5:00

5:15

Award winners are
not known yet

New Balance Award presentation

Rsscan Award presentation

ISB Technical Group: Computer Simulation

ucC 1

Chair: Rick Neptune, Federico Casolo

4:00 | Mont Hubbard History Of the ISB Technical Group Computer Simulation
4:10 | Federico Casolo TGCS Chairman's Report
, Prescribing Skeletal Motion Can Substantially Enhance
4:15 | Knoek van Soest Mechanical Power Output; A Simulation Study
) The Effect Of Anatomical And Robustness Constraints On
4:30 | Fred Yeadon i X
Optimum Jumping Performance
Francisco Valero- Shifting To Population-Based Models And Inferring Model
4:45 Cuevas Structure From Data Are Two Directions That Will Enhance
The Clinical Usefulness Of Modeling
5:00 | B.J Fredl Predicted Gait Modifications To Reduce The Peak Knee
' o gy Adduction Torque
515 | Alison Sheets Approximation Of Balanced Landings In Gymnastic

Dismounts
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Tuesday, August 2

Keynote Lecture
Chair: Tim Hewett

8:30 AM

Waetjen Auditorium

8:30

Julie Steele

Developing Textile Biofeedback Technology: From
Brassieres to Noisy Knees

Tuesday, August 2

Knee Injuries 1
Chair: Li-Qun Zhang, Julie Steele

9:30 AM

Waetjen Auditorium

9:30

Steven Blackburn

Knee Joint Moments During Sports Activities On Artificial Turf

Effect Of Gender On Knee Abduction And Flexion During

9:45 | Kevin Ford Medial And Lateral Landings
10:00 | Kelly McKean Kinematic & Kinetic Differences Between Male & Female
Soccer Players
Mette Kreutzfeldt The Effect Of Acute Fatigue On Neuromuscular Activation
10:15 Pattern During Side-Cutting In Female Team Handball

Zebis

Players

EMG

uc 6

Chair: Carlo De Luca, Graeme Wood

9:30 | Michael Hahn Neural Network Estimation Of Isokinetic Knee Torque
Comparison Of Power Spectrum Measures To Entropic
9:45 | Paul Sung Measures Of Electromyography Time Series: Diagnostic
Tools For Low Back Pain
10:00 | 4 Elimination Of ECG Contamination From EMG Signals: An
: anessa Drake

Evaluation Of Currently Used Removal Techniques.

10:15

Didier Staudenmann

Improving EMG Based Muscle Force Estimation Using
Principal Component Analysis On A High-Density EMG Array
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Muscle

Mechanics
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MC 201

Chair: Maarten Bobbert, Constantinos Maganaris

930 | Dilson Rassier Phase Transition Of Force During Ramp Stretch Of Muscle
' Fibers Treated With BDM
9:45 | Hanneke Meijer Myofascial Fo_rce Trlansmlssmn Is More Important At Low-
Frequency Stimulation
10:00 glsrkgltlj;teraf Force Enhancement In Sub-Maximal Voluntary Contractions
. Cat Hindlimb Muscle Response To Slow Movement Shows
10:15 | Thomas Sandercock Poor Relationship To Length-Tension Properties
Sport 1 MC 202

Chair: Peter Milburn, Tzyy-Yuang Shiang

9:30 | Federico Casolo Biomechanics Related To Racket Design And Customization

9:45 | Lin-Hwa Wang Momentum Transfer Of Trunk And Upper Extremity In Tennis
Backhand Stroke

10:00 | Young-Kwan Kim Does Warming Up With A Weighted Bat Help Or Hurt Bat
Speed In Baseball?

10:15 | Hwai-Ting Lin The Role Qf M_uscle In Glenohumeral Joint Stability During
Baseball Pitching

Bone Modeling

Chair: Ted Gross, Anja Niehoff

ucC 1

930 | Daisuke Tawara Patient-Specific Dynamic Stress Analysis Of Osteoporosis
Vertebrae
_ . Three Dimensional Finite Element Analysis Of Maxillary
9:45 | Linping Zhao Palate With A Unilateral Cleft
. Carmen Muller- Finite Element Bone Model Incorporating Heterogeneity And
10:00 .
Karger Anisotropy From CT
1015 | Andrea Tami Flnltg Element Analysis Of Shockwave Propagation In
Cortical Bone
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Tuesday, August 2 11:00 AM

Knee Injuries 2 Waetjen Auditorium
Chair: Scott McLean, Tim Hewett

] , Coupled Biomechanical-Epidemiological studies for the
11:00 | Tim Hewett Assessment Of ACL injury Risk.

11:15 | Robert Shapiro Biomechanical Differences Between Genders When
' P Executing A Land And Cut Maneuver

The Effects Of Plyometric Versus Dynamic Stabilization And

11:30 | Gregory Myer Balance Training On Lower Extremity Biomechanics

11:45 | Ajit Chaudhari Knee Loadlng Patterns That Enfjanger The ACL: Insights
From Experimental and Simulation Studies

Hamstring Co-Contraction Does Not Necessarily Reduce

12:00 | Bing Yu ACL Loading

) Sagittal Plane Biomechanics During Sports Movement Does
12:15 | Scott McLean Not Explain Higher Incidence Of ACL Injuries in Females
Gait and Osteoarthritis uc 6

Chair: Fong-Chin Su, David Sanderson

Effect Of Intra-Articular Lidocain Injections On Knee Joint

11:00 | Marius Henriksen Kinetics During Walking In Knee Joint Osteoarthritis Patients

Michael Anthony Dynamic Lower Limb Alignment And Knee Joint Load During

11:15 Hunt Gait In Patients With Knee Osteoarthritis

11:30 | Laura Diamond Adduction Moment During Gait In Patients With Moderate Or
' End-Stage Knee Osteoarthritis

11:45 | Tom Jenkyn Toe Out Gait And Reduction Of Knee Osteoarthritis Pain
Predicting Changes In Knee Adduction Moment Due To
12:00 | Jennifer Erhart Load-Altering Interventions For Medial Compartment Knee

OA From Pressure Distribution

Hip Abductor Strength May Be Critical For Successful Gait
12:15 | Anne Muendermann | Compensation In Patients With Medial Compartment Knee
Osteoarthritis
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Muscle In Vivo MC 201
Chair: Richard Lieber, Walter Herzog

) . Gastrocnemius Muscle Tendon Unit Interaction Under
11:00 | Glen Lichtwark Variable Gait Conditions

11:15 | Sami Kuitunen Behavior Of The Triceps Surae Muscle In Hopping

Bilateral Symmetry Of The Gastrocnemius Stiffness
11:30 | Stacie Ringleb Measured With Magnetic Resonance Elastography In
Healthy And Pathologic Muscle

Muscle Operating Range Includes Optimal Length At
11:45 | Wendy Murray Extended Joint Postures Following Brachioradialis Tendon
Transfer

In Vivo Fascicle Velocity Of Cat Gastrocnemius And Soleus

12:00 | Boris Prilutsky Muscles During The Paw-Shake

Sarcomere Length Measurement Permits High Resolution

12:15 | Amanda Felder Normalization Of Muscle Fiber Length In Architectural
Studies

Sport 2 MC 202

Chair: Fred Yeadon, Richard Nelson

11:00 | Mark King Opt|m|seq Tumbling Performances That Are Robust To
Perturbations
Explanation Of The Bilateral Deficit In Human Vertical

11:15 | Maarten F. Bobbert X
Jumping

Effects Of Low Bar Avoidance And Gymnast Size On High

11:30 | Alison Sheets Bar Dismount Performance

. AJ "Knoek" van Does Strapping The Rower To The Seat Enhance Rowing
11:45
Soest Performance?

Optimal Control Simulations Demonstrate How Halteres

12:00 | Blake Ashby (Hand-Held Weights) Increase Standing Long Jump
Performance

12:15 | Rene Eerdinands Forward Solutlon Simulation Of The Mixed Action In Cricket
Fast Bowling

Hip Replacement UcC1

Chair: Tom Brown, Seth Greenwald

11:00 | A Heijink Generic Design Of The Hip Resurfacing Prosthesis

11:15 | Jui-Ting Hsu The Stability Of Acetabular Cup Under Screw Fixation

Direction-Dependence Of UHMWPE Wear For Metal

11:30 | Liam Glennon Counterface Scratch Traverse

11:45 | J P Little A Multiplt_a Material Parameter Finite Element Model Of Hip
Resurfacing Arthroplasty
Subject-Specific FE Model For The Prediction Of The

12:00 | Marco Viceconti Relative Micromotion In A Total Hip Implant: Verification And
Validation

12:15 | Jihui Li Locating Fatigue Microcracks Occurring In Cemented Total

Hip Arthroplasty
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Tuesday, August 2 1:15 PM
Keynote Lecture Waetjen Auditorium
Chair: Seth Greenwald
1:15 | Masahiro Kurosaka gistory and Future of Anterior Cruciate Ligament
econstruction
Tuesday, August 2 2:15 PM

Knee Mechanics 1
Chair: Leendert Blankevoort, Masahiro Kurosaka

Waetjen Auditorium

_ : Implantation Of A Total Knee Arthroplasty Prosthesis
2:15 | Rochelle Nicholls Imposes Abnormal Strain On Local Soft Tissues
2:30 | David Fung Changes To The R_at ACL Resulting From Subfailure
Impingement Loading
Combined Valgus And Internal Rotation Moments Strain The
2:45 | Choongsoo Shin ACL More Than Either Alone: Implications For Non-Contact
ACL Injuries
_ . - Gender Dimorphism In Knee Joint Mechanics Affects ACL
3:00 | Kiyonori Mizuno Loading
315 Naveen Sex Based Differences In Tensile Properties Of Human
' Chandrashekar Anterior Cruciate Ligament
Methods 1 uc o6

Chair: Tim Derrick, Peter Quesada

Skin Movement Artifact During Gait And Cutting Movements

2:15 | Daniel Benoit .
Measured In Vivo
_ Influence Of Thigh Marker Cluster Design On The Estimation
2:30 | Anthony Schache | ¢ i Asial Rotation
, A Kinematic Model Of The Upper Extremity With Globally
2:45 | Tung-Wu Lu Minimized Skin Movement Artefacts
_ Validation Of A Markerless Motion Capture System For The
3:00 | Lars Muendermann : . . X
Calculation Of Lower Extremity Kinematics
. Lower Limb Kinematics Through Model-Free Markerless
3:15 | Stefano Corazza

Motion Capture
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Spine 1
Chair: Trey Crisco, Takahiro Ishii

ISB/ASB 2005 CONGRESS

MC 201

In Vivo Three-Dimensional Motion Analysis Of The Lumbar

2:15 | Ryutaro Fujii Spine :Coupling Motion Of The Lumbar Spine During
Rotation
In Vivo Segmental Motion Measurement In Asymptomatic

2:30 | Ruth Ochia And Chronic Low Back Pain Subjects Using Volume Merge
Method

2:45 | Heydar Sadeghi Perturbation In Trunk Motion Of Low Back Patients
The Neutral Zone In Human Lumbar Spine Sagittal Plane

3:00 | Ralph Gay Motion: A Comparison Of In Vitro Quasistatic And Dynamic
Force Displacement Curves

315 | William Anderst Three-Dimensional In Vivo Rotation Of Fused And Adjacent
Lumbar Vertebrae

Ankle MC 202

Chair: Don Anderson, Tom Buchanan

Effects Of Impeded Foot Arch Height On Calcaneal Eversion

2:15 | Shing-Jye Chen And Ankle Joint Forces During Gait

2:30 | Yuki Tochigi The Qontrlbutlon Of Articular Surface Geometry On Ankle
Stabilization

) Three-Dimensional Bone Kinematics In An Anterior Drawer
2:45 | Leendert Blankevoort Test Of The Ankle Joint
3-:00 | Kristin Zhao I\D/Ichhanlcal Efficacy Of Tendon Transfer Operations For Foot

3:15 | Jane Goldsworthy Chronic Stress Exposure Following Intra-Articular Ankle
Fractures

Head Injury ucC 1

Chair: Lars Janshen, David Dean

An Approach To Calculating Linear Head Accelerations Is

2:15 | Trey Crisco Not Affected By Rotational Head Accelerations

2:30 | Sarah Manoogian Head Acgeleratiqn Is Less Than 10 Percent Of Helmet
Acceleration During A Football Impact

2:45 | Matthew Craig Human Mandible Response To Impact Loading Of Chin

3:00 | David Pearsall Durability Of Ice Hockey Helmets To Repeated Impacts

3:15 | S.W. Gong A Novel Approach For A Solid Object Impact On Human

Head
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Tuesday, August 2

Poster Session: Ergonomics 3

3:45 PM

uUC 201

1

Carol Murphy

Children's Postural Changes At Adult Computer Workstations

A Comparison Of Task And Muscle Specific Isometric Submaximal

2 Taylor Murphy EMG Data Normalization Techniques For The Analysis Of Muscle
Loads During Hydraulic-Actuation Joystick Controller Use
3 Joshua S. Danker Investlga’gon Of Sr_loulder Range Of Motion Limits For Application To
Ergonomic Analysis
4 HyunWook Lee Trunk St|ﬁqe§s Improvement By Physical Therapy/Exercise During
Unstable Sitting
5 Reuben Escorpizo Work Time And Rest Percentage During Pick-And-Place Task
6 Luke Wooldridge Klneth Evalu_at!on of R|ght Shoulder And Elbow During Spiccato
Technique Violin Bowing
7 Timothy N. Judkins Electromyographic Correlates Of Robotic Laparoscopic Training
8 Sivaram Shanmugam cH)zz:?’()l\l/lovement Analysis Of The Elderly When Using A Remote
- . The Biodynamic And Physiological Responses Of The Rat Tail To A
9 Kristine Krajnak Single Bout Of Vibration Exposure
.. ; Training And Performance Of Robotic Laparoscopy: Electromyographic
10| Kenji Narazaki Analysis To Quantify The Extent Of Proficiency
11 | Michael Holmes Motion Induced Interruptions During Simulated Ship Motions
12 | Julie Matthews Tho_racolumbar Kinematics During Lifting Exertions In Moving
Environments
13 | Hitoshi Yanagi Upper Limb Motion During Snow Shoveling With Regular And Modified
Shovel
14 | Joan Stevenson Theoretical Basis Of A Load Carriage Limit Equation
15 | Awin Au The Effects Of Submaximal Shoulder Moment, Task Precision And
Mental Demand On Muscle Activity During Grip Exertions
D. Christian Forearm Muscle Activity During Three Hose Insertion Tasks As
16 " Measured By Surface Electromyography Of The Flexor Digitorum
Grieshaber -
Superficialis Muscle
17 | David Andrews Acceptable Peak Forces And Impulses During Manual Hose Insertions
18 Krystyna Gielo- An Investigation Of The Congruity In Geometry Of The Glenohumeral
Perczak Joint On The Maximum Acceptable Load During Pushing
Reduced Force Control And Increased Contralateral Trapezius Co-
19 | Bente R. Jensen Activation Among Subjects With Work Related Musculoskeletal
Symptoms
. . Virtual Jack Manikin Used To Assess Postural Variables And Visibility
20 | Alison Godwin
Measures
21 | Joel A. Cort Arj .El_ectromyographl_c And Psychophysical Examination Of Fastener
Initiations In Automotive Assembly
29 | Stuart Fraser Target Acquisition By Pilots Wearing Various Head-Supported Masses

During Simulated Flight
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Tuesday, August 2 3:45 PM
Poster Session: Sport 5 uUC 201
Ching-Cheng The Effects Of The Tennis Slice Backhand With Different Ball Speeds On
23 .
Chiang The Bounce Angle
24 | Yi-Mina Huan Intermuscular Coordination Analysis Of Skilled Double-Handed Backhand
9 9 And Single-Forehand Players
25 | Yuh-Yih Lin Vibration Analysis Of Tennis Racket Caused By Impact Between Different
Configuration And Additional Weight
26 | Jinn-Yen Chiang Properties Of Tennis Racket Made By Differential Carbon Fibre
27 | Tsai, Chien-Lu Biomechanical Analysis Of EMG Activity Between Badminton Smash And
Drop Shot
28 | Ti-Yu Chen The Vibration And Coefficient Of Restitution Analysis In Tennis
Racketsvaried With Material Composition And Fiber Arrangement
29 | Katie B. O'Keefe Joint Velocity Sequence Of The Upper Extremity During Fly-Casting
30 | Joshua R. Allen Upper Extremity Kinematics During Fly-Casting
31 | Hsiente Peng Electromyographic Analyses Of Standing Shot Put Throw
32 | Michele LeBlanc Factors Affecting The Javelin's Attitude Angle In American Javelin
Throwers
33 | Tsung-Ying Hung Investigatation Of Appropriate Weighted Bat By Muscle Activity
34 | Tomoyuki Matsuo ggss Course Of A Preceding Pitch Influence Baseball Batting As They
35 | Takahito Tago 'Fl;gien;l;runk Twist Angle During Baseball Batting At The Different Hitting
36 | Brady Tri Functional Fatigue Decreases Three-Dimensional Multijoint Position
y tnpp Reproduction In Overhead Athletes
Tomohisa .
37 Mivanishi Transfer Of Angular Momentum In The Baseball Batting
iyanishi
- Aerodynamic Characteristics Of Baseballs Delivered From A Pitching
38 | Tsutomu Jinji .
Machine
39 | Rene Ferdinands Elbow Angle Excursion Slope As A Determinant Of Bowling Legality
40 | Daisaku Hirayama | The Kinematic Changes Of Pitching During A Simulated Baseball Game
41 | Yi-Lina Chian Rotation Characteristics Of The Shoulder, Torso, And Pelvis During
9 9 Pitching For Taiwan Elite And Subelite Collegiate Baseball Pitchers
A Model For Assessing The Contributions Of Hand Forces And Torques
42 | Alexander Willmott | To The Speed Of A Swinging Implement: Application To The Field
Hockey Hit
43 | David Pearsall Ice Hockey Stick Recoil Mechanics
Characteristics Of Muscle Activity In Distal And Proximal Upper
44 | Chien-Nan Liao Extremities In Different Phases For Taiwan Olympic Female Archery
Players
45 | Cheng-Ming Hu Muscle Activation By Olympic Female Archers At Different Releasing

Rhythms
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Tuesday, August 2

Poster Session: Biomechanics of Aging

3:45 PM

uUC 201

46 | Victoria Hood Developing A Computer Aided Design Tool For Inclusive Design
47 | Susan K M Wilson Load Distribution During Sit-Stand-Sit Using An Instrumented Chair
48 | Victoria Hood Biomechanics Of Stair Descent In Older Adults
49 | Kenneth Meijer Running Does Not Protect Against Age-Related Gait Adaptations
50 | Masava Anan The Relation Of The Trunk-Pelvic Movement And Lower Extremity
y Joint Moment On Elderly People During The Sit-To-Stand Motion
. Balance And Gait Of Elderly Women During Stairs Locomotion In
51 | Bih-Jen Hsue ;
High-Heeled Shoes
52 | Jansen Atier Estrazulas Kinetic Characteristics Of Gait In Children, Adults And Elderly
53 | Hao-Ling Chen Comparisons Of The Lower Limb Mechanics Between Young And
9 Older Adults When Crossing Obstacles Without Visual Guide
54 | Carolina Mitre Chaves Sit-To-Stand Performance With Young And Elderly Subjects
55 | Munetsuau Kouta Biomechanical Analysis Of Sit-To-Walk Frequently Observed In
9 Daily Living: Effect Of Speed On Healthy Elderly Persons
. . Electromyography And Leg Stiffness Comparison Between Old An
56 | Chia-Huei Shen Young Adults In Descent Stair Walking
57 | Hidetaka Okada Kmet;c Characteristics Of Middle-Aged And Older Adults During
Walking
58 | Robert Shapiro Biodynamic Changes Accompying Age And Inactivity In Females
59 | Misono Sakai Postural Control Against Perturbation During Walking

Poster Session: Osteoarthritis and Cartilage

ucC 201

Are The Gait Kinetics Of Women And Men With Knee Osteoarthritis

60 Monica Maly Different?

61 Kurt Manal Foot Progression Angle And The Knee Adduction Moment In
Individuals With Medial Knee Osteoarthritis

62 Le Zhang Modellr)g Of Splute Transport In Cartilage Under Static And
Dynamic Loading

63 Marius Henriksen Effect Of Intra-Articular Lidocain Injections On Impact Attenuation
During Walking In Knee Joint Osteoarthritis Patients

64 Anneliese D. Heiner ngh Shear Stress Induces P53 Expression And Apoptosis In
Cartilage Explants

65 Nicole A. Kallemeyn é Finite Elgment Analysis Of Cartilage In Cyclic Triaxial

ompression
. Evaluation Of Osmosis-Induced Deformation Of Articular Cartilage

66 | Qing Wang ; T :
Using Ultrasound Biomicroscopy Imaging

67 Danielle Biton Heelstrike Dy_nam|cs During 6 Minute Walk Test Among End Stage
Knee OA Patients

68 Douglas R. Pedersen glnemauc.Measurement Of Cartilage Plugs In Unconfined

ompression

Influence Of The Pericellular Microenvironment On Chondrocyte

69 Sang-Kuy Han

Modelling
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Tuesday, August 2

Poster Session: Methods in Movement Analysis

ISB/ASB 2005 CONGRESS

3:45 PM

ucC 201

70 Rochelle Nicholls

In Vitro Ligament Strain Measurement: Can Implantable And Non-
Invasive Methods Yield Comparable Results?

71 Zhiqing Cheng

Use Of Wavelets In The Analyses Of Biodynamic Responses

79 Sujani N.

Agraharasamakulam

Comparison Of Two Ankle Electrogoniometers And Motion Analysis

73 David Miller

An Improved Surrogate Method For Detecting The Presence Of
Chaos In Gait

74 Lei Ren

Generalized Approach To Three-Dimensional Marker-Based Motion
Analysis Of Biomechanical Multi-Segment System

75 | Xiaofeng Wang

Lasr: A New Analytical Tool To Increase Information Retrieval From
Complex Images

76 Jill Brimacombe

Validation Of Calibration Techniques For Tekscan Pressure
Sensors

77 Maria Lebiedowska

Experimentally Derived Model Of Human Body Growth

78 | Stacie Ringleb

Mechanical Properties Of Relaxed And Contracted Thigh Muscles
Using Magnetic Resonance Elastography

79 Samuel Bertrand

Estimation Of Human Internal And External Geometry From
Selected Body Measurements

80 Frank L. Buczek

Comparing Normal Gait Analyses Using Conventional And Least-
Squares Optimized Tracking Methods

81 Andre Plamondon

Validation Of A Dosimeter For The Three-Dimensional
Measurement Of Trunk Motion

82 Raviraj Nataraj

Artificial Neural Network Prediction Of Center Of Pressure Using
Trunk Acceleration Inputs During Perturbed Human Bipedal Stance

83 David W. Wagner

Dynamic Calibration Of An Extended-Range Electromagnetic Flock
Of Birds Motion Tracking System

84 Richard Jones

Prediction Of Lower Limb Segment Kinematics From Foot
Accelerations

85 Stephane Armand

Extraction Of Knowledge For Movement Analysis Data - Example
In Clinical Gait Analysis.

86 Na Jin Seo

Methods To Measure Static Coefficient Of Friction Between Hand
And Other Materials

87 | Wangdo Kim

Estimating The Axis Of A Screw Motion From Noisy Data - New
Method Based On Pliicker Lines

88 Ming Wu

Evaluate The Potential Contributions Of Swing Leg To The Stability
Of Body During Single Foot Support Phase Of Walking

89 | Timothy R. Derrick

Extraction Of The Impact From Vertical Ground Reaction Forces

90 Lise Worthen

Design Of A Gait Laboratory To Enable Biomechanical Analysis Of
Individuals With Post-Stroke Walking Deficits: Force Platform
Positioning

91 Sujatha Srinivasan

An Analytically Tractable Model For A Complete Gait Cycle

92 Michelle Sabick

Differences In Joint Kinetics In Girls Due To Choice Of Body
Segment Parameters

93 Robert J. Jack

Validation Of The Vicon 460 Motion Capture System For Whole-
Body Vibration Acceleration Determination

(session continued on next page)
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Tuesday, August 2

Poster Session: Methods in Movement Analysis (continued)

3:45 PM

UC 201

A 3-Dimensional Camera Calibration Algorithm For Underwater

94 Young-Hoo Kwon Motion Analysis With Refraction Correction Capability

95 Kurt Manal A Numerical Method For Determining Ideal Camera Placement

96 Laura Held Parameterization Of Joint Kinematics Using Quaternions
Development Of A Novel Barefoot Torsional Flexibility Device: A

97 Laura Bray .
Pilot Study

08 Richard J. Beck S|m_ulat|on_ Of Longitudinal Arterial Stretch In The Lower Limbs
During Gait

99 | Walter Rapp Calculating Anatomical Leg Structures From Surface Contours

Poster Session: Tissue and Biomaterials

ucC 201

Measurement Of Nonlinear-Elastic Properties Of Skin And

100 | John Wu Subcutaneous Tissues Via Unconfined Compression Tests

101 | Kristen Bethke Creatlng_A Skin Stram Flelq Map With Application To Advanced
Locomotion Spacesuit Design

102 | Donald Sherman Evaluation And Quantification Of Bruising

103 Pablo-Jesus Rodriguez- | Effect Of The Prefabricated Metallic Post Length On Restored

Cervantes Teeth: Fracture Strength And Stress Distribution
104 | J. Lawrence Katz Micromechanical Analysis Of Dentin Elastic Anisotropy
. Analysis Of Collagenase, Collagen, And Glycosaminoglycan
105 | Aaditya C. Devkota Content Of Cyclically Loaded Tendon Explants In Culture
106 | Tim Wrigle Biomechanical Features Of Normal Patellar Tendons And Those
gey With Patellar Tendinopathy

107 | Mikhail Perelmuter A Micromechanical Model Of The Periodontal Ligament

108 | Emika Kato Rep_etitive Muscle Contractions Induce Mechanical Changes Of
Achilles Tendon

109 | Scott Lucas EsggirggPropertles Of Cervical Spinal Ligaments Under High-Rate

110 | Megumi Ohta Isometric Training Alters Mechanical Properties Of Tendon
Structures

111 | Brian P. Beaubien An Experlmental Method Eor Mec_hamcal Analysis Of The
Interspinous And Supraspinous Ligaments

112 | Yeung Chi Keung Denervation Impairs Achilles Tendon Healing In Rat Model

113 | Robin Adams Density Changes_ in Bovine Tendon Resulting from Buffered and
Unbuffered Solutions

. The Effect Of Glycosaminoglycans And Hydration On Viscoelastic
114 | Abhijit Bhatia Properties Of Aortic Valve
. Evaluation Of The Fatigue Properties Of Rubbery Biomaterials
115 | Judit E. Puskas Using The Hysteresis Method
116 | L.Y.Li Nonlinear Analysis Of The Behaviour Of The Human Cornea
. . Investigating Full Field Deformation Of Soft Tissue Under Simple
117 | Nai-Shang Liou Shear Tests By The Fourier Transter Moiré Method
118 | Takatsugu Furukawa Effect Of Viscosity On Local Impedance Of Biological Gel:
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ucC 201

Effect Of Different Wedge Conditions On Joint Angle Changes During

119 | Mehrdad Anbarian Single-Limb Stance
120 | Gong Shi Wei Energy Flow In High Heel Shoes In Walking
C Do Overweight And Obesity Affect Dynamic Plantar Pressure
121 | Karen Julie Mickle Distributions In Pre-School Children?
122 | Weng-Pin Chen Dynamic S|mylat|0n And Experlmental Validation Of The Plantar Foot
Pressure During Heel Strike
123 | Anneleen De Cock A.Fo_otty.pe Clas_smcatlon With Clgster Analysis On Plantar Pressure
Distribution During Barefoot Jogging
124 | Yi-Ling Chiu Effeqt Of Walking Speed In Change Of The Peak Plantar Pressure
Distribution
125 | Richard Jones In Vitro Study Of Foot Kinematics Using A Walking Simulator
126 | Jeremy Crenshaw | The Effect Of Laterally Wedged Orthoses On Talus Angle
127 | Richard Jones Effects Of Different Profiles Of Lateral Wedging On Knee Adduction
Moments During The Loading Period Of The Gait Cycle
. Ground Reaction Forces During Level Walking With And Without Lateral
128 | David Wallace .
Heel Wedge Orthotics
129 Nachlappan Ankle Joint Dorsiflexion: Assessment Of The True Values
Chockalingam
130 | XueCheng Liu g;/gtaenr:]lc 6-Segment-Foot Motion Using Electromagnetic Tracking
131 Christopher G. The Effect Of Hindfoot And Forefoot Positions On Posterior Tibialis
Neville Muscle Length
132 | Michael Voigt EI_ectrogomomgt_nc Evaluation Of Foot Kinematics During Walking At
Different Velocities
Sicco Bus
133 | Young Investigator | Offloading The Diabetic Foot Using Forefoot Offloading Shoes
Award finalist
134 | Matthew Cowley Differences In Midfoot Rotations Between Foot Types
135 | William R. Ledoux Quasi—LinQar Viscoelastic Properties Of The Plantar Soft Tissue In
Compression
136 | John H. Challis Mechamcal Properties Of The Human Heel Pad: A Comparison Between
Populations
137 | Philippe Young ,l’;\golpnovatlve Tool For Generating Numerical Models Of The Human
138 | Kiersten Anas Medial Longitudinal Arch Motion And The Windlass Effect During Gait
139 | Jaebum Son A New Frontal Plane Foot Model Shows The Effect Of Narrowed Base
Of Support On Unipedal Balance
140 | Howard J Hillstrom | How Does Shoe Upper Design Influence Plantar Pressure Distribution?
141 | Jinsup Song Can A Sandal Arch Support Reduce Plantar Hallucial Microcirculation?
142 | Ahmet Erdemir Therapeutic Footwear Design: A Finite Element Modeling Approach
143 | Zaid M. Hasasneh Relationship Between Pressure And Shear Under The Foot
144 | Michael J. Mueller Finite Element Analysis On The Effect Of Soft Tissue Thickness On
' Plantar Pressures In Subjects With Diabetes And Peripheral Neuropathy
Relationship Between Soft Tissue Deformation And Applied Pressure
145 | Donovan J. Lott

Along The Second Ray Of The Plantar Neuropathic Foot

(session continued on next page)
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Tuesday, August 2

Poster Session: Foot and Ankle (continued)

3:45 PM

UcC 201

Pressure Gradient As A Potential Indicator Of Plantar Skin Injury On

146 | Dequan Zou The Neuropathic Foot
147 | W.U. Lijun Computer Simulation For Internal Stability Of Foot Longitudinal Arch
. The Reliability And Reproducibility Of Foot Measurements Using A
148 | Robin Queen Mirrored Foot Photo Box Compared To Caliper Measurements
Prediction Of Cycle Shoe Performance In Relation To Outsole
149 | Jongpeel Joo Materials Based On Biomechanical Testing And Finite Element
Analysis
150 | Mehrdad Anbarian Foot Type Classification Using Fuzzy Logic
151 Gautham Biomechanically Designed Scientifically Appropriate Diabetic
Gopalakrishna Footwear
Smita Rao . Changes In Mechanical Characterestics Of The Plantar Flexor
152 | Young Investigator - . ; .
o Muscles In Individuals With Diabetes Mellitus
Award finalist
. . How Does Obesity And Gender Affect Foot Shape And Structure In
153 | Annaliese Dowling Children?
154 | Jason Wilken The First Metatarsal As A Fixed Strut: New Insights Into Dynamic

Arch Function

Poster Session: Rehabilitation

ucC 201

155 | Archana Sangole Patterns Of Hand Motor Dysfunction In Brain Injury
156 | Wen-Lin Tun Effect Of Bilateral Reaching On Affected Arm Motor Control In Stroke -
9 With And Without Loading On Unaffected Arm
157 | Jvh-Jona Chan Effects Of Bilateral Resistance-Induced Arm Movement Training On
y 9 9 Arm Motor Function In Chronic Stroke
Kinematic And Kinetic Analysis Of Sit-To-Stand With And Without A
158 | Tung-Wu Lu ) . .
Cane In Hemiplegic Subjects
. The Effect Of Foot Placement On Sit-To-Stand With And Without
159 | Shashank Raina X
Walker Assistance
160 | Zhen-Wei Wu Muscle Coordination In Stroke Patients' Upper Limbs
161 | Wen-Shen Liao Postural Adj_ustment Of Spinal Cord Injured Subjects With Knee-Ankle-
Foot Orthosis
162 | Stephanie J. Nogan Eﬁfects Of Trunk And Hip Stimulation During Bimanual Reaching After
Spinal Cord Injury
163 Luci Fuscaldi Speed Related Changes In Lower Limb Joint Contributions To
Teixeira-Salmela Mechanical Energy During Gait Of Stroke Subjects
s Repetitive Symmetric Arm Training And Motor Cortex Activation In
164 | Kisik Tae . . . .
Chronic Hemiparetic Patients
Effects Of AFO-Assisted Ankle Angle Position On Dynamic Knee
165 | HAM. Seelen Stability In Brain Injured And Spinal Cord Injured Patients
166 | Rong-Ju Chern Effect Of Gait Training With Treadmill And Suspension In Children
9 9 With Spastic Cerebral Palsy
. . Shoulder-Position Dependant Elbow Torque Coupling During
167 | Michael D. Ellis Adduction After Stroke
Unique Solution For Feed-Forward Control Of Neuroprosthetic
168 | Jose Luis Lujan Systems Characterized By Redundant Muscles Acting On Multiple

Degrees Of Freedom
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Three Dimensional Knee Joint Kinematics And Lower Limb Muscle

169 | Daniel Theoret Activity Of Anterior Cruciate Ligament Deficient Knee Joint
Participants Wearing A Functional Knee Brace During Running

170 | Mark E. Dohring Characterization Of Intralimb Coordination Deficits In Chronic Patients
Biomechanical Analysis Of Sit-To-Stand After Bilateral Total Knee

171 | Henry Wang
Replacement

Mohammad Reza . . . . . .

172 Fotoohabadi Hip-Spine Interaction During Sit-To-Stand In Healthy Young Subjects

173 | Chris Mizelle Center Of Pressure Measures Predict Hemiparetic Gait Velocity

174 | Antoinette Domingo Muscle Actlvat]on During Manually Assisted Treadmill Training After
Incomplete Spinal Cord Injury

175 | John W. Chow Bilateral Comparisons Of Isokinetic Knee Strength In Unilateral Total
Knee Replacement Individuals

176 | Jen-Suh Chern Center Of Pressure Trajectory During Whole Body Reaching In

Hemiplegic Patients

Poster Session: Finite Element Modeling and Imaging

ucC 201

Biomechanical Study Of Kimmell's Disease By Finite Element

177 | Hsiang-Ho Chen X
Analysis

178 | Jill Schmidt What Is The Accuracy Of Surface Models Created From Visible
Human Male Computed Tomography Data?

179 Nicholas John Byrne Finite Element Analysis Of A Total Ankle Arthroplasty Over One
Stance Phase

180 Naira Campbell- Prediction Of Intervertebral Disc Creep During Flexion Using A

Kyureghyan Combined Experimental And Finite Element Approach

New Method For Coupled Fluid-Structure Interaction Problems In

181 D. C. Barton . .
Biomechanics

182 | Cheolwoong Ko Development Of Human Pelvic Bone FE Model By Considering Pelvic
Anthropometry
A Better Image Degradation Method For Converting High Resolution

183 | Shuo Yang CT Scans Into Finite Element Models

. Is Patellar Cartilage Thickness Reduced In Individuals With

184 Christine Draper :
Patellofemoral Pain?

185 Shuo Yang A New Voxel Grayscale Based 3D Image Registration Validation
Method

186 | Wangdo Kim Objective Ulcer Quantification By Rim Curvature Map

187 | Qunli Sun iilzsl\l/ljgdelmg And Analysis Of Compressed Human Buttock-Thigh
Quantitative Prediction Of Progression Of Articular Cartilage

188 | Yang Dai Degeneration Following Incongruous Intra-Articular Fracture
Reduction

189 | Viet Bui Xuan From Regl_lty To Model In Minutes Or On The Aerodynamics Of A
Thanksgiving Turkey

190 Heidi-Lynn Ploeg \E/)V;;’[?Factors Effect The Accuracy Of Solid Models Made From CT

191 Mehran Armand Parametric Finite Element Model Of Femur From CT Data

192 | Sylvana Garcia g;]asl;g/atlon Study: Using CT Scans To Calculate Volume, Weight And

193 | Todd C. Doehring New Open-Source Tools For 3D Reconstruction From Medical Images
Using Data From Multiple Tests To Determine Foam Parameters:

194 Marc Petre

Modeling Implications
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Tuesday, August 2

Poster Session: Gait and Locomotion

3:45 PM

uUC 201

An Artificial Neural Network That Explores The Role Of Sensory

195 | MaxKurz Information For Learning The Neural Connections For Locomotion
196 | Tonya Parker Longitudinal Study Of Gait Stability After Concussion
197 | Susanne Lipfert Leg Stiffness In Walking And Running
198 | Chris Hurt Is There A Gait Transition Between Run And Sprint?
199 Robyn M. Wharf Kinetic Analysis Of Gait On Inclined Surfaces
200 | Wang Xishi The Stress Level Analysis For Dynamic Cases At Human Hip Joint
. Leg Length And Leg Torsion Measurement With Ultrasound In
201 Dieter Rosenbaum Children During One Year - First Results
. Ground Reaction Forces And 3D Kinematics Of Short-Leg Walking
202 | Songning Zhang .
Boots In Gait
203 | Marina Gouvali The Varlaplhty Of Dynamic And Spatio-Temporal Parameters Of
The Running Stride
. ; Phase Plane Analysis Of Stability In Turning Movement In Subjects
204 | Nobuhiro Kito With Functional Ankle Instability
205 | Alan Hreljac Kinetic Factors Ir)fluencmg The Gait Transition Speed During
Human Locomotion
206 | LeiRen Prediction Of Human Walking Based On Simple Gait Descriptor
207 | Wolfgang I. Schoellhorn | The Influence Of Music On Kinematic And Dynamic Gait Patterns
208 Christina Danielli C. M. | Relationships Between lliotibial Band Length And Frontal Plane
Faria Pelvic Tilt
A The Influence Of The Firemen Boots On The Heel Strike Transient
209 | Jesus Camara . ;
During Walking
210 Matthew Seeley The Effect Qf Mild !_lmb Length In.equallty On Able-Bodied Gait
Asymmetry: A Preliminary Analysis.
211 Andrea Lay Control Strategy Transitions During Slope Walking
212 Patricia V. de Souza Biomechanic Analysis Of The Force Applied In Aquatic Gait Of
Humans Immersed At The Sternum Level
213 | Shih-Chiao Tseng Evidence Of Movement Control Adaptation In A Lower Extremity
Motor Task
214 Patricia V. de Souza Dynar_nometrlc Ana]y3|s Of The Anteroposterior Force Applied In
Aquatic Human Gait
215 | Kotaro Sasaki Differences In Muscle Function Between Walking And Running At
The Preferred Walk-Run Transition Speed
216 Rong-Ju Cherng Ef;ﬁgtre(?]fA Dual Task On Walking Performance In Preschool
217 | Chris Rhea Gait Adaptation: Lead Toe Clearance Continually Decreased Over
Multiple Exposures With And Without On-Line Visual Information
218 Philiooe Malcolm Treadmill Versus Overground Run To Walk And Walk To Run
PP Transition Speed In Unsteady State Locomotion Conditions
219 | Sam Walcott Pseqdo-_EIastlcﬂy And Kinetic Energy Storage: Definitions And
Applications To Human Movement
220 Prism S. Schneider Effect Of Dynamic Ankle Joint Stiffness On Joint Mechanics And

Muscle Activation Patterns During Locomotion
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Adaptive Changes In Lower Limb Coordination In Response To

221 Jeremy Noble Unilateral Loading During Treadmill Locomotion
299 Paul DeVita Ié%vi\gr Extremity Joint Work Is Larger In Ascending vs. Descending
293 | Cara L. Lewis Wr_:xlking In _Greater Hip Extension Increases Predicted Anterior Hip
Joint Reaction Forces
224 | Andre Seyfarth Hip Control In Locomotion
225 | Katrina Simpson Do Lower .leb Muscle Activity Patterns Change With Prolonged
Load Carriage?
226 | Ava Segal The Methpd Oof U§|ng Phase Plane Portraits And First Return Maps
To Examine Turning
. Is Child Weight To Bag Weight The Best Way To Assess Risk Of
227 Rebecca Whissell Low Back Pain In Children Due To Backpack Use?
Short Stature Or Tall Story? Hypothesis And Imagination In Body
228 | Robert B. Eckhardt Size Reconstruction Of LB1 From Flores, Indonesia
229 | Shigehito Matsubara g);?metry And Asymmetry In The Lower Limbs Of Athletes During
230 Robert B. Eckhardt Was The Early Hominid Brain Musclebound?
231 Michael Bohne The Effects Of Hiking Downhill Using Two Trekking Poles While

Carrying Different External Loads in A Backpack
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Wednesday, August 3

ISB Promising Young Investigator Award

Chair: Walter Herzog

8:30 AM

Waetjen Auditorium

8:30

Constantinos
Maganaris

Adaptive Response Of Tendon To Paralysis

ISB Clinical Biomechanics Award

Waetjen Auditorium

Chair: Kim Burton, Sandra Olney

9:00

Magnus Kjartan
Gislason

The Three Dimensional Load Transfer Characteristics Of The
Wrist During Maximal Gripping.

Wednesday, August 3

ISB Young Investigator Award finalists

Chair: Maarten Bobbert

9:30 AM

Waetjen Auditorium

9:30

Emma A. C. Johnson

The Analysis Of Pressure Response In Head Injury: A
Validation Study

9:45

Craig P. McGowan

The Mechanics Of Jumping Vs. Steady Hopping In Yellow-
Footed Rock Wallabies.

Valgus Loading Causes Increased In Vitro ACL Strain In

10:00 | Thomas J. Withrow ) .
Simulated Jump Landing

10:15 | Ann M. Barkowitz A Novel Rob_qtlc_Dewce With Haptic Feedback For Lower
Limb Rehabilitation

10:30 | Jill Higginson Reduced Plantarflexor Contributions To Support In Post-

Stroke Hemiparetic Gait

Posture and Balance 1
Chair: Alan Walmsley, Tammy Owings

uco

9:30 | lan Loram Paradoxical Muscle Movements In Human Standing

9:45 | Erin Wilson Lumbar Extensor Fatigue Changes Postural Recovery
Strategy

10:00 | Sukyung Park The Effect Of Initial Lean On Human Postural Scaling

10:15

Peter M. Quesada

Effects Of Smooth vs "Prickly" Surface Conditions On
Tiltboard Performance

38




Spine 2

Chair: Jim Potvin, James Dicke
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MC 201

9:30

Robert Parkinson

Does Load Magnitude Alter Cumulative Load Tolerance?
"Weighting" For An Answer

3D Arthrokinematic Analysis Of Coupled Motion In The

9:45 | Erik Cattrysse Human Upper-Cervical Spine: In Vitro Analysis Of High
Velocity Thrust Techniques

10-:00 | Dave Glos Intra-Annular Bilateral Spinal Compression: Novel MEMS
Sensors

10:15 | David Nuckley Compressive Mechanics Of The Maturing Human Spine

Lower Extremity Injury
Chair: Paul DeVita, Kathy Simpson

MC 202

9:30

Rebecca Zifchock

Kinetic Asymmetry In Left And Right Dominant Female
Runners: Implications For Injury

9:45

Tine Willems

Relationship Between Foot Progression Angle And Exercise-
Related Lower Leg Pain

10:00

Joseph Seay

Dynamic Symmetry In Female Runners With A History Of
Tibial Stress Fractures

10:15

Sara Novotny

The Effects Of Quantitative Feedback On The Reduction Of
Landing Force

Prosthetics and Orthotics

ucC 1

Chair: Sandra Olney, Bob Gregor

9:30

Jack R. Engsberg

Comparison Of Rectified And Unrectified Sockets For
Transtibial Amputees

9:45

Martin Twiste

The Effect Of Prosthesis Compliance On Residual Limb-
Socket Interface Forces

10:00

Alexander Razzook

Can Passive Dynamic Ankle Foot Orthoses Replicate Natural
Ankle Stiffness

10:15

Steven H. Collins

Controlled Energy Storage And Return Prosthesis Reduces
Metabolic Cost Of Walking

Wednesday, August 3 11:00 AM

Muybridge Award Lecture
Chair: Mary Rodgers

Waetjen Auditorium

11:00 | Rik Huiskes Bone: The Engineer's Ultimate Dream Material

39



ISB/ASB 2005 CONGRESS

Thursday, August 4 8:30 AM
ASB Jim Hay Award Lecture Waetjen Auditorium

Chair: Walter Herzog

8:30 | Mont Hubbard Spinning Sports Balls

Thursday, August 4 9:30 AM
ASB Young Scientist Awards Waetjen Auditorium

Chair: Walter Herzog

9:30

Katherine Holzbaur

Winner of ASB Predoctoral Scaling Of Muscle Volumes In The Upper Extremity

Young Scientist Award

9:45

Stefan Duma

A Computational Model Of The Pregnant Occupant:

Winner of ASB Postdoctoral | Local Uterine Compression Effects The Risk Of Fetal

Young Scientist Award

Injury

Gait Simulation
Chair: John Chow, Andre Seyfarth

uc 6

9:30

Taku Komura

Simulating Pathological Gait Using The Angular Momentum
Inducing Inverted Pendulum Model

9:45

Saryn Goldberg

The Influence Of Gastrocnemius Geometry On Its Action At
The Knee During Stance

A Neuromuscular Tracking Method For Computing Individual

10:00 | Ajay Seth Muscle Forces During Human Movement
10:15 | Richard R. Neptune Ankle Plantar Flexor Force Capacity During Toe Walking
Functional Electrical Stimulation MC 201

Chair: RonTriolo, Bob Kirsch

9:30

Alicia Koontz

Effects Of Functional Electrical Stimulation On Manual
Wheelchair Propulsion

9:45

Anirban Dutta

EMG Based Triggering And Modulation Of Stimulation
Patterns For FES-Assisted Ambulation - A Conceptual Study

10:00

Jason Gillette

Lower Back FNS For Stabilization During One- And Two-
Handed Reaching Tasks

10:15

Dimitra Blana

Feedback Control For A High Level Upper Extremity
Neuroprosthesis
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Sport 3 MC 202
Chair: Graham Caldwell, Mike Madigan

Plantar Pressure Distribution Patterns Used As Biofeedback

9:30 | Dieter Rosenbaum Information Improve Technical Training And Performance In
In-Line Speed-Skating

9:45 | Gerald Smith gl;;il;atmg Force Characteristics: Comparisons Across

10:00 | Matthew Major Aggressive Inline Skating: Biomechanics Of Landing And

Balancing On A Grind Rail

Biomechanical And Physiological Determinants Of Skiing

10:15 | Federico Formenti .
Locomotion Development

Injury Biomechanics ucC 1
Chair: Jeff Wheeler, Uwe Kersting
_ A Fiber Optic Based Sensor For Measuring Chest And
9:30 | Amber Rath Abdominal Deflection Under Impact Loading
9-45 | Robert Catena Maintenance Of Gait Stability In Concussed College Patients

During Dual Tasks

Development And Validation Of The Finite Element Human

10:00 | Sriram Rajagopal Body Model For Less - Lethal Ballistic Impacts

) . Rupture Pressures For Human And Porcine Eyes Under
10:15 | Eric Kennedy Static And Dynamic Loading
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Thursday, August 4

Hand and Wrist 1
Chair: Trey Crisco, Zong-Ming Li

11:00 AM

Waetjen Auditorium

Moment Arms And Moment Potential Balance At The Index

11:00 | William L. Buford MCP Joint

11:15 | Jie Tang Kinematics Of Thumb Opposition

11:30 | Sang-Wook Lee Dynamic Modeling And System Identification Of Finger
Movement

) . 3-Dimensional Kinematic Model For Predicting Hand Posture

11:45 | Jaewon Choi : . L
During Certain Gripping Tasks

12:00 | Saurabh Mahapatra A Mathematical Definition Of Feasible Finger Postures And
Movements

12:15 | Patrick Salvia In Vivo Kinematics Of Human Wrist Joints: Combination Of

Medical Imaging And Three-Dimensional Electrogoniometry

Diabetic Foot
Chair: Peter Cavanagh, Gautham Gopalakrishna

uc 6

Functional Outcome In People With Diabetic Neuropathy At

11:00 | Robert van Deursen Different Stages Of Complications
] . .| Altered Foot Loading In Diabetics. The Role Of Achilles
11:15 | Claudia Giacomozzi .
Tendon And Plantar Fascia
11:30 | Matthew Cowley A Prospective Look At Foot Shape And Foot Ulcer
Development
11:45 | Steve Goske R.ecljuctlon Of Plantar Heel Pressures: Insole Design Using
Finite Element Analysis
12:00 | Sicco Bus Sub-Calcaneal Fat-Pad Infiltration And Its Effect On Plantar
' Heel Pressures In The Diabetic Neuropathic Foot
] . . Metatarsal And Toe Loading Patterns In Diabetic Patients:
12:15 | Brian L. Davis

Possible Role In The Etiology Of Charcot Foot Complications

Gait and Aging
Chair: Mike Pavol, Phil Martin

MC 201

Neuromuscular Adaptations In Gait With Age And

11:00 | Chris McGibbon
Musculoskeletal Pathology

11:15 | Masato Takanokura Biomechanical Analysis Of Four-Wheeled Walker For An
Elderly Person

11:30 | Justus Ortega Elderly Adults Perform Less Limb Work During Walking

11:45 | Samantha Winter ;I'/?VeoForce-Length Curve Of The Human Gastrocnemius In

12:00 | Zachary Domire The_ Influe_nce Of Seat Height On Sit To Stand In The Elderly:
A Simulation Study

12:15 | Sukhoon Yoon Effects Of Short-Term Walking Exercise In Elderly
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MC 202

Transmission Of Controlled External Plantar Impacts Along

11:00 | Anton Arndt The Tibia In Relation To Muscular Activity
11:15 | Katherine Boyer Soft Tissue Compartment Response To An Unexpected
Surface Change
A Preliminary Assessment Of The Effects Of Foot Type On
11:30 | Caroline Digby The Movement Coupling Of The Foot And Shank During The
Stance Phase Of Barefoot Running
11:45 | Stephen C. Swanson | Kinetic Limitations Of Maximal Sprinting Speed Revisited
Christooher L Short And Long-Term Influence Of A Custom Foot Orthotic
12:00 P ' Intervention On Lower Extremity Dynamics In Injured
MacLean R
unners
12:15 | Uwe G. Kersting Impact Forces, Rearfoot Motion And The Rest Of The Body

In Heel-Toe Running

Wheelchair Biomechanics

ucC 1

Chair: Mary Rodgers, Joe Sommer

Joint Workspace Of Shoulder and Elbow Associated with

11:00 | Shun-Hwa Wei Various Axis Positions During Manual Wheelchair Propulsion

11:15 | Jennifer L. Mercer Kinetic Analysis Of Manual Wheelchair Propulsion Over
Three Surfaces

11:30 | S. van Drongelen Shoulder Load During Weight Relief Lifting: A Simulation
Study

11:45 Sharon Eve Kinematics Of Lateral Transfers: A Pilot Study

Sonenblum
12:00 | Philip S. Requejo Upper Extremity Kinetics During Wheelchair Lever Propulsion
12:15 | W. Mark Richter Biomechanics Of The Flexrim Low Impact Wheelchair

Handrim
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Thursday, August 4

ASB Borelli Award Lecture
Chair: Kenton Kaufman

1:15 PM

Waetjen Auditorium

1:15 | Kai-Nan An

The Evolving Journey of Tendon and Joint Mechanics:
Clinical Impacts from Humble Concepts

Thursday, August 4

ASB Awards
Chair: James Ashton-Miller

2:15PM

Waetjen Auditorium

Azita Tajaddini

2:15 . , .
Microstrain award winner

Laser Induced Auto-Fluorescence (LIAF) As A
Method For Assessing Skin Stiffness Preceding A
Diabetic Ulcer Formation

Robert A. Siston
2:30 | ASB Clinical Biomechanics
Award finalist

In-Vivo Passive Kinematics Of Osteoarthritic Knees

Wendy Murray
2:45 | ASB Clinical Biomechanics
Award finalist

Significance Of Surgical Attachment Length For
Hand Function Following Brachioradialis Tendon
Transfer

Eun-Jeong Lee
3:00 | ASB Journal of Biomechanics
Award finalist

Modulation Of Passive Force In Skeletal Muscle
Fibers

Trey Crisco
3:15 | ASB Journal of Biomechanics
Award finalist

Scaphoid And Lunate Rotations Are Minimized With
Wrist Motion Along

Posture and Balance 2
Chair: Ge Wu, Robert van Deursen

uc 6

. . Nonlinear Analysis Of Postural Control In Different Positions
2:15 | Kimberly Ryland And Vision Conditions
Stationary Visual Cues Reduced Centre Of Pressure
2:30 | Shirley Rietdyk Displacement In A Dynamic Environment For Experienced
Roofers
2:45 | Sukyung Park O.ptlmal Coptrol Model Qf Human Postural Scaling With
Biomechanical Constraints
3:00 | H.J. Sommer llI Postgral Control Related To Flexibility Of The Hindfoot When
Bearing Heavy Loads
. . The Threshold Of Balance Recovery Is Not Affected By The
3:15 | Kodjo E. Moglo Type Of Postural Perturbation

44




Rehabilitation Robotics
Chair: Jay Alberts, Susan D’Andrea

ISB/ASB 2005 CONGRESS

MC 201

Upper Extremity Robotic Therapy In Stroke Patients With

2:15 | Margaret Finley Severe Upper Extremity Motor Impairment
, Evaluation Of Upper Extremity Muscle Activity During
2:30 | HAM. Seelen Manipulation In Robot-Simulated Task Environments
) Discoordination In Stroke Measured Dynamically Using The
2:45 | Theresa Sukal ACT-3D Robot
. _r Therapist Controlled Powered Lower Limb Orthoses To
3:00 | Gregory Sawicki ; .
Assist Locomotor Training
315 | Gail F. Forrest Thg Effects Of Locomotor Training On Neural And Muscle
Activation.
Cartilage MC 202

Chair: Tammy Haut Donahue, Jaw-Lin Wang

A Non-Linear, Anisotropic, Inhomogeneous Model Of

2:15 | Salvatore Federico Articular Cartilage
2:30 | Doug Bourne Cartilage Cell Viability After In Vivo Impact Loading
. Tammy L. Haut Biochemical Response Of Meniscal Tissue To Altered
2:45 .
Donahue Loading
3:00 | Matthew Koff T2 Values Qf Patellar Cartilage In Patients With
Osteoarthritis
3:15 | Seungbum Koo 3D Laser Scan Based Accuracy Test Of In-Vivo Cartilage

Thickness Measurement From MRI

Instrumentation
Chair: Mark Grabiner, Stefan Duma

ucC 1

Calibration And Monitoring Of Piezoresistive Contact Stress

2:15 | Thomas Baer Sensor Arrays Using A Travelling Pressure Wave Protocol
. : . Validation Of Intramuscular Pressure Sensor In Rat
2:30 | Jennifer Megesi :
Gastrocnemius
. . Achilles And Patellar Tendon Loading During Gait Measured
2:45 | Philippe Pourcelot Using A Non-Invasive Ultrasonic Technique
3:00 | Stephen F. Levinson Doppler M_yog.raphy: Ultrasonic Localization Of Acoustic
Myographic Signals
3:15 | Stephen F. Levinson Anisotropic Elasticity And Viscosity Deduced From

Supersonic Shear Imaging In Muscle
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Thursday, August 4

Poster Session: Musculoskeletal Modeling

3:45 PM

ucC 201

1

Thomas Pressel

Functions Of Hip Joint Muscles

2 Samuel J. Howarth Using The Eigenvector To Locate Spinal Instability
3 Martiin Klein Horsman Morphological Muscle And Joint Parameters For Musculoskeletal
) Modelling Of The Lower Extremity
L Development Of A Three-Dimensional Simulation Model Of The
4 Akinori Nagano
Human Whole Body
An EMG Driven Optimization Model For Estimating Dynamic Knee
5 Bing Yu Muscle Forces Without Maximum Muscle Voluntary Contraction
Test
Elizabeth Chgmanov Lateral Hamstrings Are Stretched More Than The Medial
6 Young Investigator Hamstrings During Sprintin
Award finalist 9 9°p 9
7 Matthew Pain Determining Subject Specific Torque-Velocity Relationships
8 Chris Mills Modeling The Gymnast-Mat Interaction During Vault Landings
. . Muscle Fibre Length-To-Moment Arm Ratios In The Human Lower
9 Costis Maganaris Limb
L Can The Patellar Tendon Moment Arm Length Be Predicted From
10 Dimitrios Baltzopoulos . -
Anthropometric Characteristics?
. : Effects Of Isometric And Isokinetic Contractions On The Patellar
11 Costis Maganaris
Tendon Moment Arm
12 Jim Potvin Hip Stability: Mechanical Contributions Of Individual Muscles
13 Weidong Luo Can A Single Scale Factor Be Used To Scale Femur Bone Models?
Veronica J. Sgntos Implementing Data-Driven Models Of The Human Thumb Into A
14 Young Investigator . . ) o
o Robotic Grasp Simulator To Predict Grasp Stability
Award finalist
. Predicting Ankle Joint Moments In Subjects With Normal And
15 Daniel Bassett )
Abnormal Gait
Madhusudhan The Continuum Of Mixtures Of Feedback And Feedforward Control
16 Venkadesan Strategies Used In Dynamical Dexterous Manipulation Can Be
Explored At The Boundary Of Instability
Effects Of Timing Of Muscle Activation On Performance In Vertical
17 Przemyslaw Prokopow

Jump
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ucC 201

The Impact Of Using Different Calculation Methods And Local

18 Jean-Sebastien Roy Coordinate Systems When Measuring 3D Scapular Attitudes.
19 Alicia Koontz Electromyography Of Trunk Muscles During Wheelchair Propulsion
20 Tomoko Aoki Prehension Synergies: Effects Of Friction
: Changes In Mechano- And Electromyogram During Low-Force
21 Anne Katrine Blangsted Static Contraction In Subjects With Unilateral Epicondylitis Lateralis
22 Sungwoo Koh Mechanical Properties Of The Shoulder Ligaments
e Relationship Between Elbow Flexion Angle And Joint Loading Of
23 Paul Pei-Hsi Chou The Upper Extremity During A Close-Chain Exercise
, - Determining The Resting Position Of The Glenohumeral Joint In
24 Lin, Hui-Ting .
Normal Subjects
o5 Pernille Kofoed Nielsen Muscle Tissue Composition, Muscular Tenderness, And Force
Production In Subjects With Unilateral Epicondylitis Lateralis
Assessing Shoulder Kinematics In A Subject With A Spinal
26 Duane Morrow
Accessory Neuropathy
. An Algorithm For Estimation Of Shoulder Muscle Forces For
27 Philippe Favre L
Clinical Use
8 C.G.M. Meskers Comparison Between Tripod And Skin Fixed Recording Of
Scapular Motion
David Suprak
29 Young Investigator Three-Dimensional Shoulder Joint Position Sense
Award finalist
30 Joseph Langenderfer Variability Of Glenohumeral External Rotator Muscle Moment Arms
31 Geraldo F. S. Moraes chp_ular Mus_cle Re_cruitment And Isokinetic Force Production In
Individuals With Impingement Syndrome
: Volumetric Measurement Of The Subacromial Space At The
32 Paula Ludewig
Shoulder
33 Edward Chadwick Stiffness Measurement Of The Glenohumeral Joint
34 Hisaichi Ohnabe EvaIuahonl Of Ngwly Designed Cushion For Electric Power
Wheelchair Driving
35 Laurel Kuxhaus Reproducing Physiologic Moment Arms With An Elbow Simulator
36 Catarina Tainha Shoulder Kinematics During Clinical Glenohumeral Tests.
Differences Between No-Players And Water Polo Players
Wrist Electromyography And Kinematics When Propelling
37 Philip S. Requejo Standard, Compliant, And Power-Assisted Pushrim Wheelchairs: A
Pilot Study
38 Kevin A. Rider Superposmon Of Optimal Submovements In Feedback-Controlled
Reaching
39 Yasushi Koyama The Dodge Movement During The Lat Pull-Down Exercise
Increased Scapula Rom
. Influence Of Seat Height On Pitch Angle And Pushrim Kinetics
40 | Po-Chou Lin During A Wheelie Activity
41 Koh Inoue Estimation For Dynamic Measurement Of Scapula Kinematics
492 Anamaria Acosta The Effect Of Shoulder Girdle Coordination On Upper Extremity

Workspace In Stroke
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Poster Session: Sport 6

3:45 PM

UcC 201

Performance After Prolonged Cycling At Freely Chosen And

43 Ernst Albin Hansen Optimal Pedal Rate
. . Development Of A Computer Application To Calculate Cyclists
44 Felipe Pivetta Carpes Front Area In Studies About Aerodynamics
45 Juliana K. Ribeiro In-Shoe Pressure Analysis During Aero Jump In Different
Cadences
46 Xin-Hai Shan AIMethod To Diagnosis The Kinetic Characteristic Of The Straight
Kick Performance
47 Mathijs Hofmijster Effect Of Stroke Rate On Mechanical Power Flow In Rowing
48 Aaron Benson Force Profile Comparison Of Rowing On A Stationary And Dynamic
Ergometer
Relationship Between Rotational Movement And Translational
49 Mutsuko Nozawa ; ;
Movement During The Golf Swing
50 Toyoaki Aoki Effect Of Sun Light On Surface Temperature Of Artificial Sport
Surfaces
51 Shinichiro Ito Optimal Arm Stroke For Competitive Free Style Swimming
Differences Between Operated And Non-Operated Shoulder
52 Linda McLean Muscle Activation Patterns Recorded During The Dragon Boat
"Long And Hard" Stroke
53 Takeshi Asai Ball Impact Analysis In Football Using FEM Foot Model
o Effects Of Passive Repeated Plyometric Training On Specific
54 Wang Hsiang-Hsin Kicking Performance Of Elite Olympic Taekwondo Player
: Comparison Of Golfers And Non-Golfers Weight-Bearing Hip
55 Heather Gulgin Rotation Joint Range Of Motion
56 Chiang Liu Ref_le_x Modulation After Long Term Passive Repeated Plyometric
Training
57 Syn Schmitt Computer Simulation Of A Human Ski Jumper - A Complete Trial
- A Comparison Of Isokinetic Leg Flexion And Extension Strength In
58 | Lee Shuei-Pi Elite Adolescent Male Track And Field Athletes
59 Long-Ren Chuang B|omechan|cal Analysis Of Punching Different Targets In Chinese
Martial Arts
Wai Dynamical Analysis Of Indoor Eight People Make Tug Of War
60 Fong-Wei Wang Attack Movements - European Back-Step And Japanese Back-Step
61 Andrew Chapman Do Kinematics Of The Pelvis And Lower Limb Vary Between
P Novice And Highly Trained Cyclists?
62 Min-Chung Shen Kinematic Analysis Of Kolman Acrobatics In The High Bar Exercise
. . Kinetic Analysis Of Each Hand During Golf Swing With Use Of An
63 Sekiya Koike Instrumeted Golf Club
. A Biomechanical Analysis Of Spike Motion For Different Skill Levels
64 | Walter Quispe Marquez | ¢ \1a16 volieyball Players
65 Luciano L. Menegaldo gtyucciliyrl];)f The Inverse Dynamics Optimal Control Technique In
66 Tetsunari Nishivama The Modification Of Pedaling Skill With Real-Time Representation
y Of Pedaling Force In Non-Cyclists
Comparison Of Dressage Rider Posture When Mounted On
67 Laurelyn E. Keener

Different Horses
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68 Jiro Doke A Simple Mathematical Model Of Karate Front Kick
. Influence Of Loads To The Joint Moments And Mucle Force
69 Ines Benkhemis o : .
Repartition In Sprint Cycling Test
. The Influence Of Inclined Support Surface On The Biomechanics
70 Kjartan Halvorsen .
Of Eccentric Overload In Squats
71 Bryan K. Lindsay Predictors Of Success In The 3000M Steeplechase Water Jump
72 Tetsu Yamada Comparison Of The Knee Joint Between The Skilled And Unskilled
Subjects During The Kip Maneuver On The Horizontal Bar
73 Alan Lai Validation Of A Theoretical Rowing Model Using Experimental Data
. ; Dynamic Stability Strategy For Elite Judoists In Balance Control For
74 Chih-Hang Lien Anterior And Posterior Perturbations
. Elelectromyographic Linear Envelope Analysis Of Golf Swing For
75 Chia-Nen Chan Trunk Motion In Asian Players: A Case Study
. The Comparsion Of Effectiveness Between Grab Start And Track
76 Shu-ting Chen " A
Start In Competitive Swimming
77 Takavuki Sato The Difference Of Fitness Level Evaluated From The Mechanical
y And External Work During Bicycle Exercise
78 Bryan Morrison The Effect Of Aging On Stroke Parameters In Swimming
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Poster Session: Running

3:45 PM

UcC 201

79

Andrew Chapman

The Influence Of Cycling On Lower Limb Movement And Muscle
Activation During Running In Triathletes

Alena Grabowski

Modeling The Benefits Of Towing During Adventure Racing, Running

80 | Young Investigator : . .
Award finalist With Applied Horizontal Force
. Can A Runner's Economy And Arm Motion Be Affected By Feedback
81 | Laura Hild L
Training?
. The Effects Of Temperature, Pressure, And Humidity Variations On 100
82 | Jonas R. Mureika )
Meter Sprint Performances
83 Chien-Hua , Chien- Mechanomyography And Force Relationship During Concentric And
Hua Eccentric Contractions Of The Vastus Lateralis In Sprinters
. . High-Speed Coupling Characteristics Of The Foot And Shank During
84 | Caroline Digby The Stance Phase Of Running
85 | Daniel Gales Ground Reaction Force Asymmetries During Sustained Running
Ankle Plantar Flexor Moments Scale To Planning Time During
86 | Abbey Green Unexpected Side Step Cut Tasks
87 | Ceri Diss Quantifying Leg Elasticity In Male Veteran Runners
88 | William J. McDermott Mech.amcal Constr_alnt_s Do N_ot Chang_e The Strength Of Locomotor-
Respiratory Coordination During Running
89 | Samuel Brethauer The Effects Of An Over-The-Counter Orthotic On Lower Extremity
Kinematics In Male And Female Recreational Runners
90 | Andre Seyfarth Walking And Running On Place
91 | Joseph Hamill Intralimb Coordination In Female Runners With Tibial Stress Fractures
92 Carla Sonsino Vertical Ground Reaction Force Differences In Runners With Leg Length
Pereira Discrepancy - Preliminary Results
Yasushi E”°m°t° A Biomechanical Comparison Of Kenyan And Japanese Elite Long
93 | Young Investigator . , .
. Distance Runner's Techniques
Award finalist
94 | Lan-Yuen Guo Lower Extremity Kinematics During Jogging: Influence Of Treadmill

Settings

Poster Session: Orthopaedics

UcC 201

Biomechanical Comparison Of Fixation Techniques For Double Pars

95 | Hsiang-Ho Chen
Fractures

96 | Sang Min Joo Computer Aided Pre-Operative Planning Of Fracture Reduction And
Deformity Correction In Tibia With Hexapod External Fixator

: Evaluation Of An Optimal Cement Thickness Around The Glenoid

97 | Alexandre Terrier
Component

98 | Soojung Moon Biomechanical Analysis On Design Variables In Relation To The
Strength Of Compression Hip Screws

99 | Suneel Battula A Biomechanical Study Of The Pullout Strength Of The Self-Tapping
Bone Screws In Osteoportic Bone Material Inserted To Different Depths
Biomechanical Study In The Optimization Of Different Fixation Modes

100 | Ching-Lung Tai For A Proximal Femur L-Osteotomy- A Three Dimensional Finite
Element Simulation

101 | Miranda Shaw A Pedicle Screw Based Design For An Artificial Facet Joint
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Internal Bone Stress Analysis Of Tibial Implant With Incorporation Of

102 | Anthony Au Soft Tissues
103 | Fred Wentorf Mechanical Evaluation Of Tension Band Orientation
104 | Korboi Evans Adjacent Load Transfer FoIIOW|_ng Vertebral Compression Fractures
Treated By Cement Augmentation
105 | Mike Ehlert Axial Cyclic And Failure Loading Of Pedicle Screws
106 | Larry Ehmke 232&? Of Plate Fixation Constructs With Locked And Non-Locked
107 | Thaddeus Thomas gglsaeusng Fracture Energy To Clinical Outcome In Tibial Pilon Fracture
. Three Versus Four Pegged Glenoid Components: A Biomechanical
108 | Paul Weinhold Evaluation Of Fixation Stability With Cyclical Loading
Poster Session: Sport Injuries UC 201
109 | Natalie Ann Saunders Differences In Lower-Limb Neuromuscular Control Between Sports
Movements Executed In Laboratory And Game Settings
110 | Lester Mayers Landing Forces Produced In Tap Dance
111 | Peter Milburn Bilateral Symmetry In Single Leg Landings
Steven Blackburn
112 | Young Investigator Development Of A Biomechanically Validated Turf Testing Rig
Award finalist
. Muscle Activation Pattern Of Lower Extremity Muscles In Selected
113 | Hsiao-Yun Chang
Basketball Tasks
114 | Thomas W. Kernozek | Changes In Lower Extremity Joint Stiffness With Landing After Fatigue
115 | Kurt Clowers Effec.ts Of Power Generation On Evaluating Impact Attenuation In
Landing
116 | Thomas W. Kernozek | Rotational Spring And Damper Model Prediction During Landing
Altered Ankle Joint Positioning During Jump Landing In Subjects With
117 | Bamonn Delahunt | &\ tional Ankle Instability (FAI)
118 Paula H. Lobo da Biomechanical Approach To Ballet Movements: A Study Of The Effects
Costa Of Ballet Shoe And Musical Beat On The Vertical Reaction Forces
119 | Yasuyuki Yoshida Joint Kinetics And Posture Control During Drop Landings
120 | Dieter Rosenbaum Comparison Of The Effectiveness Of Orthoses Versus Proprioceptive
Exercises For The Prevention Of Ankle Injuries In Basketball Players
121 | Cheng-Feng Lin Effects Of Hip And Knee Joint Motions During The Landing Of A Stop-
Jump Task
122 | John D. Willson U.t|I|ty Of The Frontal Plane Projection Angle Of The Knee During
Single Leg Squats
123 | Michelle Sabick lef(_arences In Center Of !Dressure Movement Between Boys And Girls
During One-Footed Landings
Neuromuscular Gender Differences Exist During Unanticipated
124 | Scott C. Landry Running And Cutting Maneuvers Within An Elite Adolescent Soccer
Population
. Effects Of Proprioception And Strength Training On Injury Prevention In
125 | Carla Murgia Adolescent And Young Adult Female Dancers
126 | Bradley Black E]:ﬁgir?f Jump Type On Ground Reaction Forces During Landing In
127 | Radivoj Vasiliev The Different Influence Of Leg Extensors In Development Peak Of
Force In Drop Jump
128 | Yang Hua Lin hEAfLes((;;tlsesOf Taping Materials On Isokinetic Performance At The Ankle

(session continued on next page)
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Poster Session: Sport Injuries (continued)

3:45 PM

uUC 201

The Difference Of Net Muscle Torque Of Lower Extremity By Using

129 | Wei-Hua Ho Different Body Segment Parameter In Gymnast

130 | Deborah King Impact Mechamcs I?L_mng Stop And Go Tasks Under Fatigued And
Non Fatigued Conditions

131 | Brian M. Campbell The I_nfluence Qf Kne_e And Ankle Bra_cmg On Lower Extremity
Kinetics And Kinematics During Jogging

132 | Steve McCaw Joint Torsional Stiffness Contributions To Leg Stiffness
Biomechanical Analysis Of Jumping Comparing Low- And High-

133 | Jennifer Jeansonne ACL Injury Risk Groups: Identifying Possible Mechanical Risk
Factors

134 | Carla Sonsino Pereira Ankle.MuscuIar Aqtlwty During Landing In Volleyball Players With
Functional Instability

135 | Kristian O'Connor Igre]dlizr]:;e(:t Of Lower Extremity Fatigue On Shock Attenuation During

136 | Jennifer Earl Effects Of Exaggerated Pronation And Supination On Lower
Extremity Mechanics During A Cutting Maneuver

137 | Rhonda Boros Kinetics And Kmematlcs Of Males And Females During Two Styles
Of Drop Landing

, Quadriceps-Hamstring Muscle Synchrony During Landing
138 | Bridget Munro Movements: Is It Affected By Movement Direction?
139 | Koji Zushi Changes Of Spring-Like Leg Behavior According To Different Touch

Down Velocities In Drop Long Jump

Poster Session: Motor Control

ucC 201

Evaluation Of Function Of Knee Joint By Physiological Tremor In

140 | Kazuyoshi Sakamoto L
ower Leg
141 | Maya Kawabata !Pfluence Of Hardness Of Bed On Hip Joint With Use Of Trunk
remor

142 | Maneesha Arashanapalli | Vibration Alters Proprioception And Dynamic Low Back Stability

143 | Pete Shull B!manual Motor Control: BlologlcaI_And Robotic System Learning
Via Simultaneous Movement Requirements

. Recruitment Of Soleus And Gastrocnemius With Restricted And

144 | David Sanderson . .

Unrestricted Ankle Motion
e Coordination Change Between Gaze, Head And Hip Due To Early

145 | Akifumi Kijima Eye Rotation During Open Cut Maneuver
Impedance Modulation With Precision Demands In Discrete

146 | Luc Selen
Movements

147 | Oliver Wirth éifr%sps;ng Regularity In Voluntary Motor Activity With Approximate

148 | Huang Yi Ming The I_Effegt Of Fatigue On The Control Of Targeted Isometric
Dorsiflexion In Humans

149 | Germano T. Gomes Quantifying Upper Limb Motor Control: The Peg In Hole Test

150 | Christopher Hasson A Musculoskeletal Model Of Postural Control At The Ankle

Jingzhi Liu
151 | Young Investigator Motor Control Strategy To Manage Central Fatigue
Award finalist

152 | Sun Wook Kim Prepara_tlon To A Predictable Perturbation During Multi-Finger Force
Production

153 | Hiroaki Hobara Central And Peripheral Control Of Muscle Stiffness In Hopping
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154 | Ming-feng Kao The Validity Of Active Squat Keen Joint Propriception
155 | Kathy Jagodnik Proportional Derivative Control for Planar Arm Movement
156 | Radhika Kotina Modeling and Control Of Human Postural Sway

Poster Session: Clinical and Functional Movement Analysis

uUC 201

The Effect Of A Reference Posture On The Relationship Between
Relaxed Calcaneal Standing Measurement And Frontal Plane

157 | Wendy Gilleard Rearfoot Motion During Walking In Patellofemoral Pain Syndrome
Subjects
The Gait Initiation Process In Unilateral Lower-Limb Amputees
158 | Steven Jones :
Stepping To A New Level
159 | Wendy Gilleard Effe_ct Of Arm Use Qn Head And Trunk Segment Motion When
Rising From A Chair
Activity Assessment And Clinical Gait Analysis After Malignant
160 | Mirko Brandes Bone Tumors Treatment With Reconstruction Of Femoral And
Tibial Defects
Are Structural And Gait Biomechanics Indicative Of Tibial Stress
161 | Mark Creaby .
Fracture Risk?
162 | Mirko Brandes Basic Gait Parameters Of Healthy And CP Children Assessed By
Accelerometry
163 | Max Kurz An Inverted Pendulum Model Indicates That Parkinson’s Disease
Results In Altered Neuromuscular Stiffness For Controlling Gait
164 | Melissa Scott-Pandorf The Effect Of Peripheral Arterial Disease On Gait
165 | Ryo Kanda Development Of A Web-Based Decision Support System For
Acupuncture Treatment
166 | James Wakeling Muscle Dysfunction During Walking In Children With Cerebral Palsy
167 | Shyi-Kuen Wu The Kinetic Changes Of Gait Across Calf Myofascial Intervention
168 | Yu-Hsiang Nien Thg Gr.oun_d Reaction Force And Electromyographic Patterns Of
Tai Chi Gait
. " Toe-Walking In Intact Individuals Arising From Emulated
169 | Andrej OlenSek Contractures Of Soleus, Gastrocnemius And Hamstring Muscles
170 | Urs Wyss High Range Of Motion Activities Of Daily Living: Differences In The
y Kinematics Between Hong Kong And Chennai, India Subjects
The Influence Of Subject Characteristics And Joint Kinematics On
171 | Marietta van der Linden | Function And Quality Of Life In Patients With Osteoarthritis Prior To
Total Kee Replacement
172 | Ge Wu Control Of Center Of Pressure During Tai Chi Movement
173 | Stephanie J. Nogan Gait B|qmgchan_|c§ In An Obese Gastric Bypass Surgery
Population: Preliminary Results
. Convergent Validity Of Goniometric And Motion Capture
174 | Kevin M. Cooney Techniques Used To Measure Tibial Torsion
175 | Bih-den Hsue Optimal Strategy Of Cane Use During Stair Ascent
Movement Coordination Between The Lumbar Spine And Hip
176 | LW. Sun When Putting On A Sock
177 | Hsiu-Chen Lin Biomechanics Of The Lower Limb During Stair Locomotion In
Subjects With Anterior Cruciate Ligament Reconstruction
Influence Of Functional Knee Braces On Lower Limb
178 | Houng-Chaung Hsu Mechanics During Stair Locomotion In Patients With Anterior

Cruciate Ligament Deficiency

(session continued on next page)
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Poster Session: Clinical and Functional Movement Analysis (continued) UC 201

Hip And Knee Joint Moment Analysis During Obstacle Crossing In

179 | Chen-Yulo Patients With Unilateral Total Knee Replacement

180 | Samuel R. Ward Patella Alta Is Associated With Patellofemoral Malalignment

181 | S. Lee Hong Dyna_mlcal Differences Between Normal And Stereotypic Body
Rocking

182 | Ruxandra Marinescu Pediatric Gait Analysis: A Call For Standardization

183 | Catherine Stevermer Investigation Of Sit-To-Stand Performance For Individuals After
Total Knee Arthroplasty

184 | Victoria Chester Gait Patterns Of Children With Hypotonia

185 | Nicole A. Wilson Bracir.mg Alters Pgtell_ofemoral _Contact Mechanics During The Gait
Cycle: A Dynamic Biomechanical Study

186 | Bee-Oh Lim Stepping-Over Gait Characteristics In Children With Down
Syndrome
Effects Of Corrective Shoeings On The Equine Superficial Digital

187 | Nathalie Crevier-Denoix | Flexor Tendon Load, Evaluated By A Non-Invasive Ultrasonic

Technique

Poster Session: Falling and Fall Prevention

UcC 201

Postural Local Dynamic Stability Is Not Predictive Of That During

188 | Hyun Gu Kang .

Locomotion
P Adaptive Changes In Stepping Up And Onto Laterally-Compliant

189 | Bing-Shiang Yang Structures: Age Difference In Healthy Males

190 | Chou You-Li The Correlation Between Energy Absorption Ratio And Pain Score
Of The Upper Extremity Under Different Fall Heights

) Dynamic Stability And Energy Efficiency During Different Self-
191 | Heng-JuLee Selected Walking Speeds
192 | Karrie L. Hamstra-Wright 'Srk”'l Acqmsmon Occurs During Fall-Preventive Motor Response
raining
193 | Karen L. Reed-Troy Wrist Kinetics During Impact Are Affected By Hand Symmetry
194 | Lloyd R. Wade Gait Kinematics On An Elevated Inclined Surafce
. Contributions Of Lower Limb Joints To Support The Body In

195 | Youngho Kim Unexpected Step-Down Walking

196 | April Chambers Anticipation Of Slippery Floors: Muscle Onsets And Co-Contraction
Of The Stance Leg

197 | Chien-Ju Lin Control Of Stability During Slope Lateral Walking

198 | Kurt DeGoede Reaction To A Loss Of Balance In Healthy Menopausal-Aged And
Young Women

199 | Alaa A. Ahmed An Analysis Of Losses Of Balance During Tandem Stance On A
Narrow Beam

200 | Peter Davidson Arm Fracture In Children's Falls

201 | Noriyuki Yamamoto The Characteristics Of Gait Pattern On The Slippery Surface
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3:45 PM

ucC 201

Analysis Of The Approach Run And The Takeoff In The Japanese

202 | Ikko Omura .
Junior Long Jumpers
203 | Chenfu Huang Optimal Extra Weight On Hands Enhance Standing Jump
Performance
Application Of Artificial Neural Network To Predict The Joint Torque
204 | Yu Liu Of Lower Limbs Using The Parameters Of Ground Reaction Force
During Vertical Jump
Sarah E. Kruger The Effect Of Load Scaling On The Coordination And Performance
205 | Young Investigator
o Of Countermovement Jumps.
Award finalist
206 | Hirovuki Kovama Immediate Effects Of An Inclined Board As A Training Tool For The
y y Takeoff Motion Of The Long Jump
207 | Shinsuke Yoshioka Effect_ of Bllgtergl As.ymme_try Of Lower Muscle Forces On Vertical
Jumping Height: A Simulation Study
208 | Yuya Muraki Kinematic Analysis Of The Preparatory And Takeoff Motion In The
Long Jump
oL The Relationship Between Leg Length And Velocity Of Center Of
209 | Kenji Ohisshi Gravity During Contact Phase In The Long Jump
. . Quantification Of Energy Absorbed By The Lower Extremity
210 | Saori Hanaki Depends On Endpoint Of The Impact Phase
211 | Kathy J. Simpson Approach Velocity Profiles Of Elite Male And Female Lower-Limb
Amputee Long Jumpers
212 | Witaya Mathiyakom Generat!on Of Forward Angular Impulse In Tasks With Backward
Translation
Regulation Of Reaction Force Direction And Angular Impulse
213 | Jill McNitt-Gray During Jumping Tasks Via Redistribution Of Knee And Hip Net

Joint Moments

55



ISB/ASB 2005 CONGRESS

Thursday, August 4

Poster Session: Prosthetics and Orthotics

3:45 PM

UcC 201

A Hydraulic Approach To The Development Of A Variable

214 | Curtis S. To Reciprocating Hip Mechanism For The Reciprocating Gait Orthosis
. . Obstacle Course Performance: Comparison Of The C-Leg To Two
215 | Margrit R. Meier .
Conventional Knees
216 | Glenn K. Klute Lower Limb Amputee Activity Uneffected By Shock-Absorbing
Pylon Or C-Leg Knee
217 | Bae Tae Soo How Much Do The Hip Abductors Contribute To The Gait Stability
For Amputee With A Prosthesis?
218 | Kang Sung Jae Kinetic Gait Analysis Of Powered Gait Orthosis Using Fuzzy Logic
Controller
. C-Leg Knees Do Not Improve Stance Phase Knee Flexion Or
219 | Michael S. Orendurff Walking Efficiency In Older Transfemoral Amputees
220 | Jeremy D. Smith Interseg_mental Dynamics Of The Swing Phase Of Walking In
Trans-Tibial Amputees
291 | Zaineb Bohra Neuromuscglar Adjustments To Hopping With An Elastic Ankle-
Foot Orthosis
222 | Stephen Cain MoFor Adaptation To A Powered Ankle-Foot Orthosis Under Foot
Switch Control
223 | Dewen Jin Investigation On Slip Danger To Trans-Femoral Prosthesis User
. Lower Extremity Muscle Activities Of Trans-Femoral Amputees
224 | Jiankun Yang When A Slip Occurs In Gait
225 | Slavyana Milusheva Virtual Models And Prototype Of Individual Ankle Foot Orthosis
296 | Siobhan Strike One-Foot Vertical Jump With Approach In Unilateral Transtibial
Amputees
227 | Wei-Ching Hung The Finite Element Analysis Of Interface Stresses Between The

Foot And Ankle-Foot Orthoses

Poster Session: Vascular Mechanics and Fluid Flow

UC Atrium

228 | Fariborz Alipour Measurement Of Turbulence In Glottal Flow
229 | Zhi-Yong Li Identn‘ylng Vulnerable Plaques Using MRI-Based Finite Element
Analysis
230 | Po-Kae Fung Carcﬁac Catheter With Varlablg Head Curvature Actuated By Ipmc
(lonic Polymer-Metal Composite)
231 | Jeong Chul Kim The Paraquat Adsorption Pattern.And Hemodynamic Properties Of
Charcoal Column In Hemoperfusion
. A Time-Frequency Approach Using Wavelets To Study Week-To-
232 | Yihkuen Jan Week Variability In Blood Flow Oscillations
233 | Zaher Kharboutly Blood Flow Simulation In An Arterio-Venous Fistula
. Simulation Of Blood Flow And Deformations Of Mechanical Heart
234 | Alejandro Roldan . .
Valves Using Boundary Integral Techniques
235 | James Furmato Repeatability Of DRT4 Lase Dopler Microvascular Measurements
3-D Finite Element Models Of Arterial Clamping With Fluid-
236 | Henry Yu Chen Structure Interactions - A Step Toward Simulating Cardiovascular
Surgery
237 Rachamadian Modeling Cerebral Aneurysm Formation And Associated Structural

Wulandana

Changes
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3:45 PM

UC Atrium

238 | Joong Yull Park Numerical Analysis On Bipolar Hepatic Radio-Frequency Ablation

239 | Anita Chan A New Pprtable 3—.D Gyroscope System For The Evaluation Of
Upper Limb Function
Comparison Of Upperlimb Kinematics Collected By

240 | Elizabeth Ann Hassan Electromagnetic Tracking Versus Digital Camera Systems In A Gait
Analysis Lab
Use Of Strain Gauge In The Evaluation Of The Constraint Of Tibio-

241 | Véronique Feipel Femoral Joint In Dynamic Movement: Development, Feasibility And
First Results

242 | Higa Masaru Measurements And Modeling Of The Descending Colon

243 | Peter Dabnichki Em_ot_lgnally-Responswe Clothing For Leisure And Exercise
Activities
Exercise Countermeasures Laboratory At NASA Glenn Research

244 | Gail Perusek Center - A New Ground-Based Capability For Advancing Human
Health And Performance In Space

245 | Peter R. Cavanagh Lower Extremity Loading During Entire Days Of Space Flight

246 | Cody Bliss An Instrgmented Scaffold To Monitor Loading Of Cartilage In The
Knee Joint

247 | Metin Yavuz A Comparison Of Various Digital Filtering Techniques Applied On

Plantar Surface Pressure and Shear Data

Poster Session: Cellular Bi

omechanics UC Atrium

Measurement Of Red Blood Cell Deformability With Counter

248 | Shigehiro Hashimoto .

Rotating Rheoscope
. Cytoskeletal Tension Enhances Osteogenic Differentiation Of

249 | Diane R. Wagner Adipose-Derived Mesenchymal Cells
Influence Of Pericellular Matrix On Cell Strains In The Intervertebral

250 | T.S. Keller Disc

251 | Brandon J. Ausk Exploring Mechanical Loading Induced Ca2+ Oscillations In
Osteocytes

252 | Rachna Sah Cell Deformation In Response To Local Matrix Strain

253 | Sylvie Wendling-Mansuy Cytoskeleton Dynamical Behavior Approched By A Granular

Tensegrity Model

57




ISB/ASB 2005 CONGRESS

Thursday, August 4

Poster Session: Impact Biomechanics

3:45 PM

UC Atrium

254 | Erica Doczy Neck Muscle Activity During Short Duration Impacts

255 | Jui-Yi Tsou The Applled Force Patten_’us Qf Chest Compression During
Cardiopulmonary Resuscitation

256 | Zhifeng Kou A_Cqmprehenswe Ap_proach To Studying Mild Traumatic Brain
Injuries In Motor Vehicle Crashes

257 | David E McNeely gurr_u_JIatwe Head Accelerations In College Football Players Differ By

osition
258 | Lars Janshen Muscular Stabilisation Of The Head In Car Collisions
259 Sylvie Wendling- Evidence For The Involment Of Muscular Pre-Activation In Impact
Mansuy Loading And In Shock Wave Transmission

Do Mechanical Properties Of Chest Protectors Correlate With The

260 | Elizabeth Drewniak Incidence Of Ventricular Fibrillation In A Sudden Death (Commotio
Cordis) Swine Model?

261 | Cheng-Yu Wu Computer Simulation Of Motorcycle-Car Accident

262 | Wunching Chang Injury Incidence And Footwear Satisfaction Of Male Competitive
Ballroom Dancers

263 | David Ravmond A Parametric MADYMO Analysis For The Determination Of Seat

y Belt Usage In A Frontal Collision

264 | Mark B. Sommers An Organ_otyp|c Model Of Traumgnc Brain Injury Caused By
Acceleration-Induced Shear Strain

265 | David Raymond Occupant Kinematic Analysis Of An Unbelted Minivan Passenger: A
Free Body Approach

266 | Darrin Richards Repe_t!tlve Head Loading: Accelerations During Cyclic, Everyday
Activities

267 | Abir Chakraborty Impact Response Analysis Of Thorax By The Thin-Layer Method

268 | Mariusz Ziejewski Modified Methodology To Determine Head Acceleration

Poster Session: Spine 3

UC Atrium

A Biomechanical Model Of Sacro-lliac Joint Dysfunction As A

269 | Munier Hossain Cause Of Low Back Pain
. . In Vivo 3D Intervertebral Motion Analysis Of The Cervical Spine In
270 | Takahiro Ishii Lateral Bending Using 3D-MRI
271 | Veronique Feipel Head Reposﬂ_lonlng Accuracy In Patients With Whiplash-
Associated Disorders
272 | Christine Herrmann Increase In Amplltudg Of Paraspinal Muscle Reflexes Following
Lumbar Extensor Fatigue
273 | Michael W. Olson Actlvatl_on Patterns Of Trunk Muscles During Cyclic Flexion-
Extension
274 | Kyungsoo Kim :;llc;;]eease Of Lumbar Spinal Staiblity Under Follower Load In Sagittal
. In Vitro 3D Arthrokinematic Analysis Of Coupled Motions In The
275 | Erik Catirysse Atlanto-Axial Joint During Axial Rotation And Lateral Bending
276 | Melanie Bussey Motion Characteristics Of The Innominate-Hip Complex
Naira Camobell- Variation In Average And Peak Lumbar Disc Stresses By Level
277 P During Flexion Using A Combined Experimental And Finite Element

Kyureghyan

Approach
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Measurement Of Difference Between Left And Right Rib Lengths

278 | Hongmei Jin On Scoliosis
279 | Scott MacKinnon Motion Induced Interruptions Increase Thoracolumbar Kinematics
280 | Angela Viegas Andrade Functional Anq Structulral Cervical Spine Dysfunctions With
Temporomandibular Disorders
281 | Sam Augsburger Analysis Of Inter-Segment Spine Kinematics During Trunk Motion
282 | Paul J. Moaa Prevalence Of Back Pain In Seven Sports Based On Self-Reporting
- Vog By A Sample Of 2268, 8-To-18 Year Old Adolescent Athletes
Comparison Of The Biomechanical Response Of A Lumbar Motion
283 | Jamie R. Williams Segment To Loading And Unloading When Loads Are Applied
Suddenly And At Normal Lifting Speeds
. Influence Of Posterio-Anterior Mobilization On Different Level Of
284 | Bonnie Y.S. Tsung ;
The Spine
Muscle Force-Stiffness Characteristics Influence Joint Stability: A
285 | Steve Brown :
Spine Example
286 | Véronique Feipel Upper Cervical Spine Modelling: In Vitro 3D Kinematics
. Inter Individual Variation In Trunk Muscles Geometry Of
287 | Wafa Skall Asymptomatic Subjects In Standing Position.
288 | Christian Lariviére Back Muscle Fatigue During Submaximal Intermittent Isometric
Contractions: The Influence Of Neuromuscular Activation Patterns
289 | Jim Dickey Novel Approach For Studying Human Response To Whiplash-Like
Perturbations
290 | Chad A. Sutherland The Accyracy Of Using Postural Assessment To Determine
Cumulative Exposure
291 | Rvan Milks Biomechanical Comparison Of Adjacent Level Segmental Motion In
y The Cervical Spine With Varying Degrees Of Lordotic Alignment
292 | LW. Sun The_ Accuracy _Of Surface Measurement For Osteoporotic Spine
Motion Analysis
293 | Jaap van Dieen Modelmg. Oof Pelyls And Thorax Rotations In Healthy And
Pathological Gait
294 | LW. Sun Automatic Measurement Of Lumbar Spinal Kinematics From
Lateral Radiographs
295 | Jaap van Dieen Can Repetitive Shear Loading Of Spinal Motion Segments Cause

Disc Injury?
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Thursday, August 4

Poster Session: Muscle

3:45 PM

UC Atrium

Acute Effects Of Intramuscular Aponeurotomy Assessed By Finite

296 | Can A. Yucesoy !
Element Modeling
297 | Sharon Bullimore Effect O_f Stretch Or Shortening Amplitude On Subsequent
Isometric Muscle Force
298 | Kazuyuki Mito gl:;%ehri\ice Of Skin Temperature On Mechanomyogram Of M. Biceps
In Vivo Fascicle Length Of Cat Medial Gastrocnemius And Soleus
299 | Huub Maas . X
Muscles During Slope Walking
Measuring Continuous Changes In Human Muscle Length, In Vivo,
300 | lan Loram !
Using Ultrasound
Accuracy Of Three Mathematical Models vs. Human Trained
301 | Laura Frey Law
Paralyzed Muscle
302 | Huub Maas The Or|_g|n Of Mechanical Interactions Between Adjacent
Synergists In Rat
Non-Invasive Measurment Of Passive Length-Tension Properties
303 | Phu Hoang Of Human Gastrocnemius Muscle Fascicles, Tendons, And Whole
Muscle-Tendon Units In Vivo
304 | Tyler Brown The EMG_—Torque Relationship Of The Knee Extensors During
Acute Fatigue
305 | Hiroshi Arakawa Relationship Between Moment-Joint Angle Characteristics Of Knee
Flexion And Architecture Of Hamstrings Muscles In Human
306 | Toshiaki Oda In Vivo Muscle Fiber Kinetics During Tetanic Contraction
Neuromodulation Changes The Biomechanics And Capabilities Of
307 | Gregory Sutton The Aplysia Feeding Muscle 12
308 | Kazushige Sasaki Shortening Velocity Of Human Plantar Flexors In Vivo And Its
9 Relation To Contraction Intensity And Knee Angle
In Vivo Determination Of Muscle Architecture Parameters By
309 | LilLe Ultrasonography: Applications To The Brachialis Muscle Of Normal
Subjects And Persons After Stroke
310 | Norihide Sugisaki Behavior Of Aponeurosis And External Tendon Of Medial
9 Gastrocnemius Muscle During Dynamic Plantar Flexion Exercise
311 | Nadja Schilling 3D-Fiber Type Distribution In Back Muscles In Small Mammals
312 | Toshivuki Kurihara Three-Dimensional Architecture Of Human Gastrocnemius And
y Tibialis Anterior Muscles During Isometric Actions
313 | Sampath Gollapudi Tempera?ure—Dependent Mechanical Properties Of Human Soleus
Muscle Fibers
314 | Timothy J. Brindle Sono.graphlc Measures Of Gastrocnemius Length With Two-Joint
Passive Movements
315 | Lei Cui Recruitment Order Has Little Effect On The Short-Range Stiffness
316 | Yoshiho Muraoka Hett_arogenelty .Of Change Iq Muscle Circulation Among Synergists
During Dynamic Muscle Action
317 | Taku Wakahara Effects Of Knee Joint Angle On The Force-Length And Velocity

Characteristics Of Gastrocnemius Muscle
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Thursday, August 4 3:45 PM

Poster Session: Posture and Balance UC Atrium

318 | Yun Wang Stepping From A Narrow Support

I Effects Of Lumbar Extensor Fatigue And Circumferential Ankle
319 | Kevin Pline \
Pressure On Ankle Joint

320 | Alan Walmsley Measures Of Postural Stability During Quiet Stance

321 | Cristina Sa Comparative Balance Analysis Between Indoor Climbing
Individuals And Control Using Posturography Test

The Relationship Between Knee Extensor Strength And Balance In

322 | Chris Hass Parkinson's Disease

Noise-Enhanced Balance Control: The Worse You Are The Better

323 | Attila A. Priplata You Get

324 | Ellen Rogers Paraspinal Reflex Behavior As A Function Of Trunk Posture

325 | Wen-Chieh Yang Development Of The Portable Posture Training Device

326 | Ge Wu Postural Control Strategies In People With And Without Peripheral
Neuropathy - A Neural Network Approach

Postural Control Under Visual And Proprioceptive Perturbations

327 | Clarice Tanaka During Double And Single Limb Stance

Postural Sway On A Sliding Platform: Assessing Spatial And

328 | Haruhiko Sato Temporal Stability

329 | Clarice Tanaka Postural (;ontrol In Skilled Athletes In Response To Unexpected
Perturbation

330 | Jeffrey Schiffman Soldiers' Loads Affect Random Walk Of Center Of Pressure

Effect Of Perturbation Direction On The Threshold Of Balance

331 | Alessandro Telonio
Recovery

The Body Center Of Mass Displacement During Various Types Of

332 | Chiung Ling Chen Support Surface Perturbation

Anticipation Mechanism And Influence Of Fatigue In Mediolateral

333 | Liliam F. de Oliveira Stabilogram

Smaller Sway During Quiet Stance Attributes To Effective Use Of

334 | Kei Masani Body Velocity

o Characteristics Of Standing And Anterior Tilting Postures In
335 | Koichi Shinkoda Relation To The Time Of Day

336 | Michelle Heller The Effects Of External Weight Carriage On Postural Stability

337 | Jianhua Wu Fractal Dynamics Of Human Stabilogram In Quiet Stance

338 | Marc-Andre Cyr Effect Of Recov.ery Restrictions On The Threshold Of Balance
Recovery - Prelimnary Results

A Paradigm To Assess Electromyographic And Kinematic
339 | Isabelle Patenaude | Responses During Anteroposterior Surface Translations In Sitting
Following Whiplash Injuries

340 | Mark Musolino PosturaI.SV\./ay Adaptatlon During Initial Exposure To Periodic And
Non-Periodic Optic Flow

341 | Esther Kim Effects Of Arch Height And Accomodation On Postural Stability

Postural Control And Postural Mechanisms In Obese And Control

342 | Hugo Centomo Children.
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Thursday, August 4

Poster Session: Bone

3:45 PM

UC Atrium

343 | Thomas Pressel Mechanical Properties Of Canine Trabecular Bone
Distribution Of Bone Mineral Density In Thoracic And Lumbar
344 | Andrew Briggs Vertebrae: An Ex Vivo Study Using Dual Energy X-Ray Absorptiometry
(DXA)
345 slylwe Wendling- Regeneration Of Skeletal Tissues On Joint
ansuy
346 | S¥vie Wendling: Bone Remodeling Model Of A Basic Multicellular Unit
ansuy
347 | Amy Johnson A Synthetic Model For Mechanical Evaluation Of Vertebral Bone
348 | Mary Lou Bareither Bone I\/!mer:_:wl Den3|ty Of Thg Proximal F.emur Is Not Related To
Dynamic Joing Loading During Locomotion
Nanoindentation Study Of Interfaces Between Strontium-Containing
349 | GuoXin Ni Hydroxyapatite Bone Cement And Bone In A Rabbit Hip Replacement
Model
350 | Won Joo Cross-Modal Effect Of Damage On Cortical Bone Strength
Biomechanical And Histological Evaluation Of Estrogen, Raloxifen,
351 | Arzu Gul Tasci Vitamin K2 And Their Combinations In The Treatment Of Osteoporotic
Bone
352 | J.E. Brouwers Resonant Frequency Shifts In Osteotomised Goat Tibiae
353 | Hans A. Gray Validated Finite Element Model Of A Composite Tibia
C .| Effect Of Single Pulsed Electromagnetic Fields Stimulation On The
354 | Annie Ming-Tzu Tsai Proliferation Of Mesenchymal Stem Cells
355 | Brandi Row Lc_)ad-SpeC|f|c_ Relationships Between Muscular Power And Bone
Mineral Density
356 | Cheryl Dunham Mechanical Properties Of Cancellous Bone Of The Distal Humerus
. Sequential Labelling And Acoustic Emission Analysis Of Damage
357 | Ger Reilly Occurring In Cortical Bone During Indentation Cutting
358 | Jaw-Lin Wan Regional Variation Of Bone Strain Creep Of Vertebral Body During
9 Repetitive Loading - An In Vitro Porcine Biomechanical Model
Bone Mechanics From Finite Element Modeling And Micro-Computed
359 | Renfeng Su Tomography: Validation Of An Orthotropic Material Model With Fused
Deposition Modeling
360 | Boon Horng Kam In Vivo Micro CT Scanning Of A Rabbit Distal Femur
, In Vitro Validation Of Thermal Finite Element Analysis Of Cryoinsult
361 | Jessica Goetz . .
Delivery For Emu Femoral Head Necrosis
362 | Stacey A. Meardon The Eff_ects Of Mechanosensitivity On The Prediction Of Bone
Formation Rate
Bridging Organ- And Tissue Level Computational Models Of Bone To
363 | Roland Steck Improve Load-Induced Fluid Flow Predictions
: The Mouse As A Model Organism For Human Skeletal Diseases - A
364 | Nils Goetzen . :
Biomechanical Study
365 | Wafa Tawackoli V|br?t|onal Analysis Qf Normal And Osteopenic Trabecular Bone Using
Rapid Prototype Duplicates
366 | Junghwa Hong Measurement Sysytem With Nano-Resolution Of Microscopic Bone

Propery
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Novel In Silico Virtual & Scaled Up Physical Model Platform To Bridge
367 | Eric Anderson Gaps In Understanding In Situ Flow Regimes at Multiple Length Scales
In Bone
368 | David Hudson Lowgr let_) Structure And Function Predict Bone Density Of The
Proximal Tibia
Thursday, August 4 3:45 PM

Poster Session: Muscle and Exercise

UC Atrium

Practice Distribution And The Aquisition Of Maximal Isometric Elbow

369 | Kristina Calder .

Flexion Strength
. S Neuromuscular Adaptation In Human Calf After Disuse Evaluated By
370 | Hiroshi Akima Muscle FMRI And EMG
371 Francisco J. Vera- Trunk And Shoulder Muscle Response Comparing One Repetition
Garcia Maximum Bench And Standing Cable Press
372 | Ken B. Geronilla Age Affects Eccentric Muscle Performance In Vivo During A Chronic
) Exposure Of Stretch-Shortening Cycles
: Long Term Model Of Botulinum Toxin-Induced Muscle Weakness In

373 | Marco Aurelio Vaz .
The Rabbit

374 | Sean P. Flanagan The Effect Of Movement Speed And External Load On Joint

) 9 Contributions During Lower Extremity Extensions

The Effects Of Periodized Complex Training Programme On Military

375 | Wen-Lan Wu Physical Fitness And Fighting Ability

376 | Phu Hoang Passive Leng_th-Tens_lon Properties Of Human Gastrocnemius Change
After Eccentric Exercise

377 | Kenneth Meijer A Cros_s Sectional MRI Study. Of The M. Rectus Femoris Morphology
In Cyclists, Runners And Sprinters

378 | Ben Meyer A Compansc_)n Of Hip Extension Torques In Conventional And Split
Squat Exercises

- . Validity Of The New Powertap Powermeter And Axiom Cycle
379 | William Bertucci Ergometer When Compared With An SRM Device
380 Gustavo Nupes Impact Of Flexibility On Muscular Performance Of The Knee
Tasca Ferreira

381 | Jean L. McCrory Acute Muscle Adaptations To A Resistance Exercise

382 | Tetsuro Muraoka Effect Of 20 Days Of Bed Rest On Passive Mechanical Properties Of
Human Gastrocnemius Muscle Belly

383 | Dean Hay Human Bilateral Deficit During Dynamic, Multi-Joint Leg Press
Movement

384 | Mingfeng Kao The Validity Of Active Squat Keen Joint Propriception Test

385 | Michael Duffey Fatigue Effects On Bar Kinematics During The Bench Press

386 | Raghavan Effects Of Long-Term Space Flight On Muscle Volume

Gopalakrishnan
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Thursday, August 4 3:45 PM
Poster Session: Hand and Wrist UC Atrium
387 Fan Gao Does Human Hand Perform Like A Robotic Gripper? -- An
Examination Of Internal Forces During Object Manipulation
388 | Xun Niu Effects Of The Grasping Force Magnitude On The Individual Digit
Forces During Prehension With Five Digits
389 | Fong-Chin Su Thumb Muscle Forces In Jar Opening
390 Pablo-Jesus A Virtual Tool For The Clinical Planning Of The Ulnar Palsy

Rodriguez-Cervantes

Treatment

391 Chris Ugbolue Kinematics Of Mouse Scrolling

392 Ajay Gupta Factors Affecting Lunate's Sagittal Alignment

393 | Jennifer Di Domizio Th_e Effects Of Wrist Splinting On Muscle Activity During A Hand
Grip Task

394 | Asimakis Kanellopoulos An Ipveshggtlon Of External Loading Patterns Applied During
Maximal Grip

395 | Wei Zhang éicnzuerﬁste Production Of Patterns Of The Total Moment By A Set Of

396 | Warren G. Darling Perception Of Hand Motion Direction Uses A Gravitational
Reference

397 Jeremy Mogk Modeling Extrinsic Finger Flexor Tendon Kinematics

398 | Jae Kun Shim Enslaving Effects Of Finger Movement On Pressing Forces Of
Other Fingers

399 | Jessica Woodworth Impact Of Restricted Pip Joints On MCP Joint Motion In The

Human Hand
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Poster Session: Joint Mechanics

ISB/ASB 2005 CONGRESS

3:45 PM

UC Atrium

400 | James Cubillo Numerical Analysis Of A Femur Resurfacing Cup

401 Natasha Lee Shee In-Vitro Te§ting Of Knee Joints Using Robotics: Computer
Programming Theory

402 | Ralph Howald Factors_Affectlng_ The Cement Penetration Of A Hip Resurfacing
Implant: An In-Vitro Study

403 | Raed Itavem The Role Of The Femoral Stem In The Stability Of A Metal On

y Metal Hip Resurfacing Implant. An RSSA Study

404 Lijkele Beimers Subtalar Joint Kinematics In Healthy Individuals Using Computed
Tomography

405 | Thomas J. Withrow Lgck Of Hamstring Te_nS|on Causes Increased ACL Strain In A
Simulated Jump Landing
A Simplified Topology For The Tibial Plateau And Meniscal

406 | Shahram Amiri Surfaces And The Role Each Of Its Geometric Features Play In
Guiding The Passive Motion

407 | Mariana Kersh Deformation Patterns From A Pre-Clinical Patellar Component Test

408 | Andrew R. Fauth 3D Geometrical Optimization Of The Talar Dome

409 Hannah J. Lundberg Quantifying Fde. Ingress To The Joint Space During Total Hip
Implant Subluxation

410 | Andrew R Hopkins Development Of An FE Model Of Uni-Compartmental Knee
Replacement
Computational Assessment Of Anteroposterior Laxity Following

411 Matthew Moran Partial PCL Release In Cruciate-Retaining TKR

412 Jihui Li Initiation And Propagation Of Fatigue Microcracks From A Defect In
A Cemented Total Hip Arthroplasty

413 Elena Varini Primary Hip Stem Micromotion Assessment: Correlation Between
Rasp And Stem Stability

414 Frances T. Sheehan The Talocr_ural And Subtalar Helical Axes Are Not Fixed During
Plantarflexion

. Comparison Of Arthrometer (Passive) And Functional Activity

415 | Robert H. Deusinger (Active) Anterior Tibial Displacements
Patellar Ligament Insertion Angle Influences Quadriceps Use

416 | Ajit Chaudhari During Stair Climbing: Effect Of An Anterior Cruciate Ligament
Deficit

417 | Jacob Scott The Effect Of Tibiofemoral Loading On Proximal Tibiofibular Joint

Motion
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Friday, August 5

Keynote Lecture
Chair: Ton van den Bogert

8:30 AM

Waetjen Auditorium

8:30 | Martyn Shorten

Cushioning: Mechanics and Biomechanics of Attenuating
Loads on the Human Body

Friday, August 5

Rehabilitation

9:30 AM

Waetjen Auditorium

Chair: John Jeziorowski, Glenn Klute

9:30 | LilLi

Body Weight Support System Influence On The Patterns Of
Vertical Forces Applied To The Body

9:45 | Janessa Drake

Do Exercise Balls Provide A Training Advantage For Trunk
Extensor Exercises? A Biomechanical Evaluation.

10:00 | Tine Alkjaer

Biomechanical Analysis Of The Walking Pattern In Healthy
Subjects With And Without Rollator

10:15 | Janice Flynn

Trunk Muscle Activation Patterns Comparing Cable Press
And Body-Blade Exercises

Motor Control — Upper Extremity Uuco

Chair: Pat Crago, Andy Karduna

9:30 | Jae Kun Shim

Prehension Synergies: Trial-To-Trial Variability And Principle
Of Superposition During Static Prehension In Three
Dimensions

9:45 | Yin Fang

Different Motor Planning During Eccentric And Concentric
Elbow Muscle Contractions

10:00 | D.A. Kistemaker

An Intermittent EP-Model For Fast Point-To-Point
Movements

10:15 | Eric Perreault

Influence Of Voluntary Posture Selection On Endpoint
Stiffness
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Adaptation
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MC 201

Chair: Véronique Feipel, Paul Sung

Characterization Of Changes In Eccentric Work In Vivo
9:30 | Robert G. Cutlip During A Chronic Exposure Of Stretch-Shortening Cycles:
Age Effects
The Interaction Between Surface Grade And Exercise
9:45 | Timothy A Butterfield | Duration For Serial Sarcomere Number Adaptations
Following Treadmill Running In Rats
) Co Mitochondrial Adaptation During Rehabilitation And Its
10:00 | Sherry Di Jorio Importance In Musculoskeletal Modeling
10:15 | Victor Valderrabano Fiber Selective Muscle Atrophy In Ankle Arthritis
Knee Replacement MC 202

Chair: Dwight Davy, Kiyonori Mizuno

Knee Kinematics Of Total Knee Replacement Patients: Pre
9:30 | Christopher J Barr And Postoperative Analysis Using Computer Generated
Images
3D Kinematic And Kinetic Data Of Total Knee Arthroplasty
9:45 | Monika Zihimann During The Stance Phase Of Level Walking Using A Moving
Video-Fluoroscope
10:00 | Elise Laende Migration Of Medial-Pivot And Posterior Stabilized Implants
10-15 | Brendan Joss Gait Affects Tibial Component Migration In Unicondylar Knee
Arthroplasty
Sport 4 UucC1

Chair: Brian Davis, Stefan Duma

Rib Cage Motion Patterns In Swimmers During Respiratory

9:30 | Karine J. Sarro
Maneuvers
9:45 | Hiroyuki Nunome Segmental Dynamics Of Soccer Instep Kicking
10:00 | Ricardo M. L. Barros | Representation And Analysis Of Soccer Players' Trajectories
10:15 | Sumiyo Toki Q.uantltgtlve Match Analysis Of Soccer Games With Two
Dimensional DLT Procedures
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Friday, August 5

Musculoskeletal Modeling

11:00 AM

Waetjen Auditorium

Chair: Richard Neptune, Douglas Pedersen

11:00 | Kotaro Sasaki Muscle Contributions To The Flight Phase In Running

11:15 | Robert F. Kirsch Musculoskeleta_\l Modeling Of Ar_l EMG-Based
Neuroprosthesis For Arm Function

11:30 | Samuel R. Ward Scaling Of. Huma}n Lower Extremity Muscle Architecture To
Skeletal Dimensions

11:45 | Clayton Adam Gra\(ltyjlnduced Torsion And Vertebral Rotation In Idiopathic
Scoliosis

12:00 | Serge Van Sint Jan 3D Muscle Moment Arms Using Musculoskeletal Modeling

12:15 | Veronica J. Santos Implementing Data-Driven Models Of The Human Thumb

Into A Robotic Grasp Simulator To Predict Grasp Stability

Methods in Gait Analysis

uc 6

Chair: Gordon Robertson, Kit Vaughan

Handling Of Impact Forces In Inverse Dynamics In Landing

11:00 | At Hof After A Jump
11:15 | Lei Ren A Three-Dlmen_smnaI Whole-Body Walking Model Based
Only On Gait Kinematics
11:30 | Raziel Riemer ﬁgrg:ilty&s Of Uncertainties In Inverse Dynamics Solutions
11:45 | George Chen Induced Acceleration Contributions To Locomotion Dynamics
' 9 Are Not Physically Well-Defined
] . Comparison Of Methods Used To Determine Induced Vertical
12:00 | Zachary Domire .
Ground Reaction Force
" — .
12:15 | Ben Stansfield Optimisation Or Antagonism? Muscle Force Solutions In The

Lower Limb

Hand and Wrist 2
Chair: Kai-Nan An, Zong-Ming Li

MC 201

11:00 | Zong-Ming Li Gender Difference In Carpal Tunnel Compliance

11:15 | Haoyu Wang Evaluation Of Five Ligamentous Stabilizers Of The Scaphoid
And Lunate

11:30 | Fong-Chin Su Joint Load Of The Thumb In Jar Opening

11:45 Asimakis An Investigation Of Wrist Joint Function Under Load

Kanellopoulos

12:00 | Haoyu Wang Varlatlons In Scap.hol.unate Gap With Various Types Of
Ligamentous Sectioning
Use Of The Long Flexor And Intrinsic Thumb Muscles To

12:15 | Joseph D. Towles Restore Lateral Pinch In The Tetraplegic Thumb: A Cadaver

Study
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Knee Mechanics 2 MC 202
Chair: Scott McLean, Jack Engsberg

11:00 | Sietske Aalbersberg | Co-Contraction In ACL Deficient Subjects

Postural Gait Changes Are Seen With Severe, Not Moderate,

11:15 | Janie Astephen Knee Osteoarthritis

11:30 | Hyung-Soon Park Passive Knee Joint Properties In Tibial Rotation In Men And

Women

11:45 | Aaron Derouin Knee Stability: Mechanical Contributions Of Individual
Muscles

12:00 | Frances T. Sheehan In \(lvo Pa_tellar Tendon Moment Arm And Tibial-Femoral
Helical Axis

A Device To Measure In Vivo Translational And Rotational

12:15 | Anneliese D. Heiner Laxity Of Rabbit Knees

Running Injuries ucC1
Chair: Irene McClay Davis, Elizabeth Hardin

Comparison Of Static And Dynamic Biomechanical Measures

11:00 | Mark Creaby In Military Recruits With And Without A History Of Third
Metatarsal Stress Fracture
11:15 Siriporn Estimation Of Stresses And Cycles To Failure Of The Tibia
) Sasimontonkul During Rested And Fatigued Running

Kinematics Of Runners With And Without Patellofemoral Pain

11:30 | Tracy Dierks During Prolonged Treadmill Running

Does Free Moment Predict The Incidence Of Tibial Stress

11:45 | Clare Milner Fracture?

Influence Of Muscle Pre-Activation And Knee Joint Angle On

12:00 | Wolfgang Potthast Axial Tibio-Femoral Shock Transmission

Does Footwear Affect Lower Extremity Variability In High And

12:15 | Robert J. Butler Low Arched Runners?
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Friday, August 5 1:15 PM
Keynote Lecture Waetjen Auditorium

Chair: Mark Grabiner

1:15 | J.J. Collins Noise-Enhanced Sensorimotor Function

Friday, August 5 2:15 PM

Motor Control
Chair: Jim Collins, Guang Yue

Waetjen Auditorium

2:15 | Scott K. Lynn

Is Lower Limb Joint Proprioception Systemic?

2:30 | Daniel M. Krainak

FMRI Brain Imaging During Six DOF Mechanical
Measurements Of Upper Limb Isometric Contractions

2:45 | Joseph S. Soltys

Velocity Sense In The Lumbar Spine Is Modulated By The
Vestibular And Proprioceptive Systems

3:00 | J. Maxwell Donelan

Sensory Regulation Of Muscle Activity During Walking In
Conscious Cats

3:15 | Dirk Jan Veeger

Proprioceptive Disturbances In RSI: A Comparison With CRPS

Locomotion Energetics
Chair: Art Kuo, Steve McCaw

uc 6

2:15 | Rodger Kram

Metabolic Costs Of Forward Propulsion And Leg Swing At
Different Running Speeds

2:30 | Brian Umberger

Mechanical Efficiency During Walking At Different Stride Rates

2:45 | Jiro Doke

Metabolic Cost Of Generating Force During Human Leg
Swinging

Peter Gabriel

3:00 Adamczyk

Metabolic Cost Of Walking Varies With Foot Roll-Over Radius

3:15 | Manoj Srinivasan

Energetics Of Legged Locomotion: Why Is Total Metabolic
Cost Proportional To The Cost Of Stance Work?

Falling and Fall Prevention MC 201
Chair: Jill McNitt-Gray, Mark Grabiner

2:15 | Michael Madigan

Age-Related Joint Torque Analysis During Support Phase Of
Single Step Recovery

2:30 | Karen L. Reed-Troy

Recovery Responses To Surrogate Slips Are Different Than
Actual Slips

2:45 | Vivi M. Thorup

Ground Reaction Forces In Pigs During Gait On Dry And
Greasy Floor

3:00 | Lisa Case

Arrest Of Forward Falls Onto Outstretched Hands In Healthy
Young Women

3:15 | Charles Cejka

Control Of Reach-To-Grasp Reactions During Perturbed
Locomotion In Familiar And Unfamiliar Environments: When
Does Visual Fixation Of The Handrail Occur?
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Knee Mechanics 3
Chair: Stephen Piazza, Thor Besier
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MC 202

Validation Of A Three Dimensional Model To Quantify

2:15 | Yu Jen Chen .
Patellofemoral Joint Forces
230 | Williarm Anderst Ass_essment Of Functl_onal Joint Space Repeatability During
In Vivo Dynamic Loading
Preservation Of Periarticular Cancellous Morphology And
2:45 | Josh MacNeil Mechanical Strength In Post-Traumatic Experimental
Osteoarthritis By Antiresorptive Therapy
_ . . In Vivo Assessment Of Congruence In The Patellofemoral
3:00 | Kim McLaughlin Joint Of Healthy Subjects
315 | Elvis Chen Ligament Estimation From In Vivo Knee Motion: An Inverse-

Kinematics Model

Animal Biomechanics
Chair: Boris Prilutsky, Gail Perusek

ucC 1

2:15 | Melanie Scholz Scaling And Jumping: Gravity Loses Grip On Small Jumpers
230 | Anne Su Variability In The Direction Of Substrate Reaction Forces In
' The Locomotor Repertoire Of The Primate Lemur Catta

Dynamic Stability In A Rough Environment: The Influence Of

2:45 | Monica A. Daley Initial Limb Posture On Body Dynamics During An
Unexpected Perturbation
Proximo-Distal Distribution Of Mechanical Work And

3:00 | David Lee Capacity For Elastic Energy Storage In The Limb Joints Of
Running Goats

3:15 | Peter Zani The Energetics And Biomechanics Of Turtle Locomotion

Friday, August 4

ISB President’s Lecture
Chair: Brian Davis

4:00 PM

Waetjen Auditorium

4:00

Mary Rodgers

Rehabilitation & Biomechanics (Do The Locomotion)

5:00

CLOSING CEREMONY
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Presenters and Session Chairs

Aalbersberg, 80

Abdoli-Eramaki, 14

Abendroth-Smith, 50

Acosta, 54

Actis, 18

Adam, 79

Adamczyk, 81

Adams, 36

Agraharasamakulam,
35

Ahmed, 64

Akima, 73

Alberts, 52

Alipour, 66

Alkjaer, 77

Allen, 32

Amiri, 76

An, 51,79

Anan, 34

Anas, 37

Anbarian, 37, 38

Anderson, Don, 30

Anderson, Eric, 73

Anderst, 30, 82

Andrade, 69

Andrews, 31

Aoki Toyoaki, 56

Aoki, Tomoko, 54

Arakawa, 70

Arashanapalli, 61

Armand, Mehran, 40
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NUMERICAL ANALYSIS OF A FEMUR RESURFACING CUP

'James Cubillo, "*Chang Jiang Wang
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INTRODUCTION

Wagner [1] developed a method of hip joint arthroplasty by
surface replacement. The first clinical trial was in 1976; since
then research in this area has continued, and operative
techniques and implantation systems have been refined. Hip
joint resurfacing offers several advantages over other
techniques, most importantly the fact that the femoral neck is
left intact.

However, the effects of various designs of femoral resurfacing
cup have not yet been fully understood. In this paper, the
femoral resurfacing cup was modelled and investigated.
Different bone cement materials and various designs of
resurfacing femur cup were numerically simulated.

METHODS

A 3D finite element model consisting of a resurfacing cup,
bone cement and proximal femur was created using the
ANSYS finite element package. The coronal section of the
model is shown in Figure 1.

Two types of cancellous bone were considered within the
proximal femur. The cancellous bone within the femur head
has a Young’s modulus of 1300 MPa, and the cancellous bone
within the femur trochanteric region has a Young’s modulus
of 320 MPa [2]; the cortical bone around the trochanter has a
Young’s modulus of 17000 MPa. The cup is made of Cobalt
Chromium, the Young’s modulus of which is 210000 MPa
and Poisson’s ratio 0.3. Two types of bone cement were
analysed in this paper with a Young’s modulus of 2200 MPa
[3] and 2800 MPa respectively.

In this research, we were interested in the region of femoral
head and femoral resurfacing cup; only the hip reaction force
was applied. In a one-leg stance, a 3 kN load was applied to
the femoral head [2]. Ascending and descending stairs and
rising from a chair are all activities that increase the posterior
component of the joint reaction force and generate large
torque, and the anterior-posterior component of force in the
joint reaction is up to 45% of the resultant force [4]. The
applied forces were distributed over the assumed load-bearing
area on the femur head.

For comparative analysis, the following parameters were
considered and compared; stress in the cement layer, stress in
the bone around the metal stem, and load sharing between the
stem and the bone of the femoral neck.

The factors related to the cup design were investigated and
discussed. Firstly, the effect of femoral stem bonded or
contacted with surrounding bone was investigated. Secondly,

Hp
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force
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Figure 1: Coronal section of the model and material

the role of the stem in the femoral cup was studied. Finally,
the effects of cement thickness, cement material properties,
femoral cup depth, stem diameter, and osteoporosis were all
investigated.

RESULTS AND DISCUSSION

A femoral cup with a stem reduced the stress in the cement
greatly in comparison to a cup without a stem. If a stem was
used, the shorter the stem the higher the stress in the cement
and femur head bone. When the diameter of stem was
decreased, the stress in the cement and femur head bone
increased. When the resurfacing cup’s depth was reduced, the
stress in the cement and femur head bone decreased slightly.
Changes in the thickness of the cement layer from 0.5 to 1 and
2 mm did not make much difference to the stresses in the
cement and bone. Different material properties of the cement
did not change the load sharing between the stem and bone.
The more osteoporosis developed in the bone, (i.e. the lower
the Young’s modulus of the bone), the higher the stress
resulted in the cement. All the results showed that the femoral
bone carries most of the forces and the stem bears only one
quarter to one third of the applied forces in the direction of the
stem axis. If the stem were simulated bonded with the bone
rather than just in contact with the bone, the stress in the
cement was reduced. However, this case may result in stress
shielding around the femoral neck with subsequent bone
thinning problems.
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INTRODUCTION

A biomechanical model of sacro-iliac (SI) joint dysfunction is
proposed. It was hypothesized that sacro-iliac joint
dysfunction in the form of abnormal activation of gluteus
maximus and biceps femoris gives rise to lumbopelvic pain by
failing to stabilize the sacro-iliac joint during weight bearing.
The model was tested on a pilot study of two volunteers.

METHODS

Two male volunteers participated in the study. One subject
had no complaint of sacro-iliac joint pain. The other subject
had sacral sulcus tenderness, pain over the sacroiliac joint on
right side and standing asymmetry of the posterior superior
iliac spine.

Electromyogram (EMG) was recorded using pairs of
disposable bipolar surface Ag/AgCl electrodes on the
symptomatic side for the lumbar multifidus, gluteus maximus
and biceps femoris muscles in walking. The surface electrodes
were positioned as advised by Snijders et al[l].Baseline
activity was recorded at rest. Subjects were asked to walk in a
straight line. Each test was taken three times for two full gait
cycles. EMG data was taken on the patient before and after a
session of physiotherapy. Two dimensional high speed video
was used to capture data of walking motion. Surface EMG
data were sampled at 1000 Hz and pre amplified at the source.
The raw EMG data of the three muscles were full-wave
rectified and base line corrected. Then the rectified data were
smoothened by passing it through a second order low pass
filter with a Butterworth response at 2- 27 Hertz .

RESULTS AND DISCUSSION

Table 1 compares the EMG values from the volunteers.
Multifidus was activated throughout the gait sequence but
increased activity in swing phases. There was little difference
in activity.

Biceps femoris muscle activated in mid swing phase to peak
and subsequently relax before initial contact to allow gluteus
peak at loading response in the normal volunteer. Gluteus
activation remained low in mid stance and terminal stance, but

showed another peak activity in pre-swing event .In the patient
biceps was activated at terminal swing and at the time of
initial contact, it was still relatively active. Gluteus activation
was generally poor in the symptomatic individual and failed to
reach a peak in loading response. There was consistent
activation of biceps on terminal swing event with another peak
activation in ipsilateral pre-swing event. Unlike the normal
volunteer, gluteus failed to show increased activity in terminal
stance to pre swing events. After physiotherapy, there was
general decrease in biceps femoris activity and increase in
gluteus activity.

SI joint is the key linkage in transmission of weight from the
upper limbs to the lower. The joint is vertically oriented and
subject to a large shear force and forward momentum on
weight bearing. Gluteus is strongly active during initial
contact and loading response events when we experience an
abrupt limb loading and as such need for SI joint stability is at
a premium. Sub-optimal activity of gluteus could disrupt
weight transference. Body would attempt to compensate by
recruiting biceps femoris, which could exert its influence
through its proximal attachment to sacrotuberous ligament [2].
This compensatory strategy might in itself also give rise to
pain due to prolong biceps contraction or stretching of long
dorsal ligament .

The study showed a difference in gluteus maximus and biceps
femoris activity in key events of gait between the two
volunteers. A larger study is planned to validate the model.
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Table 1: Mean electromyogram value compared between normal volunteer (a), patient pre (b)and post-physiotherapy (c)
in different events of gait cycle ( in mV)

Event of gait cycle Multifidus Biceps femoris Gluteus maximus
a b c a b | c a b c

Initial contact 0.08 0.04 0.08 0.07 0.28 0.04 0.54 0.10 0.07
Loading response 0.04 0.04 0.06 0.05 0.06 0.04 0.92 0.03 0.09
Mid stance 0.04 0.05 0.05 0.06 0.08 0.05 0.10 0.03 0.05
Terminal stance 0.09 0.09 0.06 0.06 0.88 0.12 0.10 0.03 0.05
Pre swing 0.06 0.06 0.08 0.06 1.10 0.19 0.86 0.04 0.09
Mid swing 0.07 0.05 0.06 0.14 0.08 0.03 0.15 0.05 0.06
Terminal swing 0.25 0.22 0.05 0.46 0.44 0.06 0.60 0.14 0.09
Baseline value 0.04 0.04 0.07 0.05 0.06 0.04 0.10 0.03 0.05
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INTRODUCTION

Articular cartilage is a biological composite material made of
a proteoglycan matrix, and of chondrocyte and collagen fibre
inclusions. We have modelled articular cartilage by means of a
linearly elastic  Transversely Isotropic, Transversely
Homogeneous (TITH) model [1]. Here, we extend the TITH
model to non-linear elasticity by using a class of transversely
isotropic potentials [2,3]. The use of a non homogeneous
potential (i.e., explicitly dependent on the point) enables us to
identify non-uniformities in the simulation of compression
tests.

METHODS
The stress strain relationship for a hyperelastic material is:
2 ou

7 T 30 O (1)
where o is the Cauchy stress, and U is the strain energy
potential which is a function of the right Cauchy stretch, C.
For a transversely isotropic material, with transverse plane
orthogonal to the unit vector w = e, U is a function of the
three principal invariants of C, and the two additional
invariants for transverse isotropy [4]. By expressing the
invariants explicitly in terms of the components of C, we have:

U(€) a exp(f(C)
f(C)  =b In(det(C))+ ¢, (C,, —3)+ =

+1a,((C,) = C,C, —6)+ = )
+a5(C, =3)(w,Cow, =D+, (w,Cow, —D)+
+a,(w.C,C.w, —1)+a,w.C.w —1)+a,(C, -3

The coefficients a, b, «,..., &z are determined by imposing

that, for small strains, Eq. (1) must reduce to the linear theory.
If we use Cohen’s potential [3], then » = 1 and ¢ = 0. For a
confined compression test, the stress strain relationship is:

ox 2a QPA+QA" —22) exp(PAS+ Q47 - Ry 3)
where A is the axial Cauchy stretch, and P, Q and R are linear
combinations of «j,..., &. In the non-linear TITH model,
these coefficients explicitly depend on the tissue depth via the
non dimensional coordinate, &, running from the tidemark (&=
0) to the articular surface (£ = 1). We plotted the stress-strain
curve for several values of &£ (Fig. 1). We assumed that, for a
transversely homogeneous material in confined compression,
the axial stress must be uniform, and imposed a 0.5 MPa stress
(Fig. 1). We then plotted the corresponding values of the strain
at each depth & (Fig. 2) and obtained the spatial distribution of
the Green strain, &= (1>—1)/2, for the non-linear TITH model,
and Cohen’s non-linear homogeneous model.

RESULTS AND DISCUSSION

The results of this study show that, while the homogeneous
model can only give rise to an intrinsic uniform solution (Fig.
2), the non-linear TITH model is able to predict non
uniformities in axial strain, due to the variation of the tangent
stiffness with depth: the superficial layers deform more than

the deep layers because they are softer, a result that is
consistent with experimental evidence [5].

Implementation of this model into a Finite Element code
might help in studying the mechanical behaviour of
chondrocytes during cartilage deformation, which might proof
to be an essential piece towards understanding biological
responses of articular cartilage as a function of mechanical
loading.
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Figure 1: stress-strain curves at various & for the non-linear TITH
model (solid lines) and Cohen’s homogeneous model (dashed line);
the dotted lines indicate the strain at each & for a —0.5 MPa stress.
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INTRODUCTION

In springboard diving the diver aims to generate sufficient
time in the air and angular momentum for somersault and
twist, and travel safely away from the board. Since the linear
and angular momentum that the diver possesses in the air are
determined by the end of the takeoff phase, it is crucial to
understand the mechanics of the takeoff in terms of gaining
dive height, generating angular momentum and keeping a safe
distance. The aim of this study was to develop a computer
simulation model in order to investigate springboard diving
takeoff techniques in the forward and reverse groups.

METHODS

A planar simulation model of a springboard and a diver was
developed using the Autolev 3.4™ software package based on
Kane’s method of formulating equations of motion [1]. The
diver was represented by an eight-segment linked system
comprising the head, upper arm, lower arm, trunk, thigh,
shank and a two-segment foot. There were extensor and
flexor torque generators acting at the metatarsal-phalangeal,
ankle, knee, hip and shoulder joint. The torque produced was
the product of an activation level and the maximum torque
calculated from a torque / angle / angular velocity function.
Each activation level was specified using two quintic
functions with six parameters.

Input to the model included initial conditions at touchdown
obtained using high speed video and activation time histories
throughout the simulation. Output of the model comprised
time histories of the springboard displacement, the diver’s
joint angle and angular velocity at each joint, body orientation,
CM velocity and whole-body angular momentum. The model
was customised to an elite female diver so that simulation
output could be compared with the diver’s own performance.
Model parameters including springboard, strength, inertia and
visco-elastic parameters were determined either directly from
experiments or indirectly using an angle-driven model. A
score was calculated as the average percentage difference in
joint angles, orientation, linear momentum, angular
momentum, and springboard characteristics. Sixty muscle
activation parameters were varied until the best match
between simulation and performance was found by
minimizing this score using the Simulated Annealing
optimisation algorithm [2]. Four dives which required
different angular momenta in the forward and reverse groups
were selected for this matching process. After satisfactory
evaluation, the model was used to optimise takeoff techniques
in terms of gaining maximum dive height.

RESULTS AND DISCUSSION
All four simulations matched the performance well with an
average score of 6.3%.  Graphics comparison of the

performance
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Figure 1: Comparison of the performance and matching
simulation of the forward two and one-half somersault pike.

performance and matching simulation of the forward two and
one-half somersault pike (105B) is shown in Figure 1. In the
optimisation for height for 105B, there is a 12.7 cm increase in
dive height. The good agreement between simulation and
performance for all four dives suggests that the model can
successfully reproduce springboard diving takeoff movements.
The optimised simulation shows that by changing the
activation alone the diver can gain more dive height. This
model will be further applied to investigate other optimal
takeoff techniques.

CONCLUSIONS

This study presents a torque-driven simulation model of a
springboard and a diver which successfully reproduces
realistic springboard diving takeoffs. This model will be used
to investigate optimal takeoff techniques in the forward and
reverse dive groups.
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INTRODUCTION

The major part of a long cycling road race (>3 h) consists of
sub-maximal cycling [1] where cyclists exercise using high
pedal rates. In fact, the freely chosen pedal rate (FCPR) is
much higher than the one resulting in minimum energy
turnover, i.e., the optimal pedal rate (OPR) [2]. Supposing that
the choice of a high pedal rate, despite its higher energetic
cost, might serve a practical purpose, we examined whether
performance was higher after prolonged cycling with FCPR
compared to OPR.

METHODS

Nine trained cyclists or triathletes (average+SD: 2742 years,
73.2+6.7 kg, 179+6 cm) were tested on three different days.
On day 1 the subjects performed at random order (without
pauses) six 180 W, 6-min, cycle ergometer bouts with 35, 50,
65, 80, 95 rpm, and FCPR. Oxygen uptake (VO,) was
measured continuously, and subsequently plotted against pedal
rate for determination of OPR. Afterwards the subjects
performed a 5 min time trial test with FCPR for determination
of average power output (Wsui,), peak VO, and blood lactate
concentration. On days 2 and 3 they cycled 2.5 h at 180 W
with either their FCPR or OPR (randomised order) followed
by the 5 min time trial test. VO, and perceived exertion (RPE)
were recorded at 30 min intervals during the prolonged
cycling.

RESULTS AND DISCUSSION

U-shaped relationships between pedal rate and VO, were
observed for 8 out of 9 subjects (for one subject the minimum
VO, occurred at the highest preset pedal rate). The mean OPR
was 73%11 (range: 65-95) rpm while FCPR averaged 95+7
(range: 89-106) rpm (p<0.05). Initial peak values averaged for
VO,: 4.65+0.5 1 min’l, blood lactate concentration: 13.6+2.3
mM, and Wsy,,: 399+33 W. A workload of 180 W,
accordingly, corresponded to 45+4% of the initial Ws,;,. VO,
during the prolonged cycling was consistently ~7% higher at
FCPR than at OPR (p<0.05) (Fig 1). RPE increased during
prolonged cycling (p<0.05) and more so with FCPR than with
OPR (p<0.05) (Fig 1). The final Ws,,;, (359+47W after FCPR
and 368+31 W after OPR) was ~10% lower than the initial
value (p<0.05), which indicated fatigue. The tendency for a
greater performance reduction following FCPR, however, did
not reach statistical significance.

A high VO, reflects a high energy turnover, which at least
theoretically, depletes the energy stores sooner. However,
performance reduction may also be caused by other
mechanisms e.g. linked to neuromuscular function, which
could be affected by the relatively high pedal force and muscle
stress that follows with the quite low OPR.
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Figure 1: Oxygen uptake and perceived exertion as a function
of time during 2.5 h of prolonged cycling.

CONCLUSIONS
Time trial performance was reduced after 2.5 h cycling at 180
W with FCPR and OPR. The reduction of performance did not
differ between the two pedal rates, despite VO, and RPE being
higher with FCPR.
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INTRODUCTION

Mechanical properties of canine bone are important for a
better understanding of skeletal pathologies and are a
prerequisite for numerical simulations of the bone. As hip
diseases are of particular importance in dogs, we investigated
the mechanical properties of trabecular bone in canine femoral
heads.

METHODS

Both femora were obtained from eight euthanized dogs and
10x10x10 mm cubic specimens which were oriented along the
main pressure trajectories were cut from the centre of the
femoral heads (Figure 1). Specimen weights were recorded
and sample edge lengths measured. From these results,
specimen densities were calculated (Equation 1). Using a
custom 100 MHz ultrasound testing device, the runtime
through each specimen was recorded ten times in each
direction (X, Y and Z) and average runtimes were calculated.
From these results the velocity of the ultrasound waves
(Equation 2) and the elastic moduli in the three orthogonal
directions (Equation 3) could be calculated. Degrees of
anisotropy (ratio of elastic modulus to moduli in the other
orthogonal directions) were also determined. Statistical
analysis using one-way ANOVA (software package SPSS
12.0, Chicago IL, USA) tested the directional moduli for
significant differences.

Figure 1: Photograph of a cubic bone specimen which was cut
from a canine femoral head

m Equation 1: density p calculated from specimen mass
v
m and volume V'

P

v Equation 2: transmission velocity ¢
L =%

calculated from edge length of the specimen s and runtime
through the specimen t;-t,

Clong

E.): p- Clzang Equation 3: directional Young’s modulus

E along x, y and z axes is calculated from density p and
transmission velocity ¢

RESULTS AND DISCUSSION

The edge lengths of the specimens varied by £0.1 mm (£1%).
Elastic moduli were found ranging from 6.3 to 14.3 GPa. A
mean specimen density of 1.40£0.09 g/cm® was calculated.
Standard deviations between specimens were much smaller for
E, (the elastic modulus along main pressure trajectories of the
femoral head) than for the other orthogonal directions (E, and
E,). As could be expected from equation 3, significant
correlations between specimen densities and elastic moduli
were calculated (p<0.005). No significant differences between
directional elastic moduli could be found indicating
approximately isotropic specimens (p=0.34).

Several authors also have examined trabecular bone in canine
and human bone. Works investigating bone of the femoral
head [1] or the distal radius [2] found lower elastic moduli,
while other authors wusing ultrasound testing or
nanoindentation calculated similar or higher values [3-5]. The
differences could be caused by specimens from different sites
(e. g. radius or distal femur) and by different properties of
human bone. One aspect could also be that several works did
not load specimens along the main pressure trajectories which
might result in lower elastic moduli.

CONCLUSIONS

The study indicated isotropy of the specimens obtained from
canine femoral heads; the results are comparable to similar
studies and might provide data for further biomechanical
analysis of canine bone.
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INTRODUCTION

Functions of hip joint muscles are important for physical
therapy and rehabilitation, but are also useful for
reconstructive surgery involving e. g. tendon transfer after
plexus or peripheral nerve injuries. Main muscle functions in
the neutral position of the joint are well known, but secondary
functions or function changes in different joint positions
remain under debate. Hence we used a multibody computer
model of the hip and knee for further investigation of hip joint
muscle functions.

METHODS

A 50™ percentile rank male adult model regarding body height
was chosen. The mass characteristics and joint positions were
determined using the ADAMS/Android software package for
the multibody simulation system ADAMS 7.0 (MSC
Software, Santa Ana CA, USA). The attachment areas of 27
muscles crossing the hip joint were measured and centre
points of the areas were calculated in a previous work[1]. The
muscles were represented by straight lines connecting the
muscle origin and insertion point; when the course of a muscle
differed noticeable from a straight line, one additional
wrapping point was used. Hip joint movements were
investigated in steps of 20° using a physiological range of
motion found in the literature. In each joint position, muscle
lengths were determined and muscle lever arms were
calculated. Additionally, the new concept of relative torques
(torque acting around a single joint axis divided by the total
torque which is generated by a standard muscle force) was
introduced and relative torques around the three joint axes
were calculated. With these parameters the functions of each
muscle could be assessed in all investigated joint positions.

RESULTS AND DISCUSSION

Lengths, lever arms and relative torques for 27 muscles of the
hip joint were calculated. Due to the large amount of data, two
muscles whose functions are under debate in the literature are
presented here. There is agreement in the literature that M.
adductor longus is an adductor of the hip. In our data, the
muscle additionally is a flexor of the hip up to 90° of flexion.
At flexion angles greater than 90°, the muscle becomes an
extensor (Figure 1). The muscle also was found to be an
external rotator of the hip in flexion positions up to 80° or
internal rotation of the hip. The rotational function change is

not described by most of the authors and internal or external
rotation is reported instead.

M. iliopsoas is a flexor of the hip in all anatomical works. In
this study, when exceeding 110° of flexion the muscle became
an extensor of the hip. We also found an internally rotating
moment of the muscle in positions up to 80° flexion and 30°
external rotation. In externally rotated positions of the hip the
muscle also generated an abducting moment.

In interpretation of our data, the effects of the simplified
representation of muscles which were modelled as straight
lines have to be accounted for. However, as manifestly curved
muscles were modelled by additional wrapping points, the
errors due to this simplification were reduced.

The primary functions of hip muscles were the same as in
similar studies and in the anatomical literature. Function
changes during different hip joint motions were also found in
other studies, but there is some debate about the exact joint
position of the function change. The data presented here is in
most of the cases supported by several authors.

M. adductor longus
-

ey
-y

®2 " R % E B B
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Figure 1: Relative torques of M. adductor longus. F
designates flexion torque, A abduction torque, R external
rotation torque. Negative values characterise the opposite
motion (i. e. negative abduction torque designates an
adduction moment)

CONCLUSIONS

The study presented here provides a comprehensive data set of
hip joint muscle functions which might be of interest for
physical therapy, rehabilitation and further research.
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INTRODUCTION

Because feedback originating from cutaneous receptors
within the foot and leg is only present unilaterally [1], or at
best is available via re-mapped receptors within the stump
[2], unilateral lower-limb amputees will need to adopt
alternative balance and postural control strategies when
initiating gait. Also, because amputees are taught to lead with
their intact limb when stepping up and with their prosthetic
limb when stepping down, they may employ a different gait
initiation strategy for each stepping direction. The aim of the
present study was to determine the balance and postural
control adaptations used by unilateral lower-limb amputees
when stepping up and when stepping down to a new level.

METHODS

Ten unilateral amputees (5 transfemoral and 5 transtibial) and
8 able-bodied controls performed single steps up and single
steps down to a new level (73 and 219 mm). Amputee
subjects stepped up leading with their intact limb and stepped
down leading with their prosthesis.

Phase duration, a-p and m-1 centre of mass (CoM) and centre
of pressure (CoP) peak displacements and CoM peak velocity
of the anticipatory postural adjustment (APA) and step
execution (SE) phase were evaluated for each stepping
direction by analysing data collected using a Vicon 3D
motion analysis system. Data were analysed using a random
effects population averaged model. Also, to highlight
differences in CoM/CoP interactions between each group,
data were compared qualitatively (exemplar, Figure 1).

RESULTS AND DISCUSSION

There were significant differences (in the phase duration,
peak a-p and m-1 CoP displacement, and peak a-p and m-I
CoM velocity at heel-off and at foot-contact) between both
amputee sub-groups and controls (P < 0.05), but not between
amputee sub-groups. These group differences were mainly a
result of amputees adopting a different gait initiation strategy
for each stepping direction (Table 1). In transfemorals this
may have been a way, when stepping up, of ensuring the
GRF vector was anterior of the knee joint centre; this would
have helped to keep the knee of the prosthetic limb fully
extended (locked). In transtibials it may have been a way to
reduce the knee extensor moment, thereby reducing the force
of the prosthesis against the distal end of the tibia. When
stepping down (landing on the prosthesis) both amputee sub-
groups adopted a ‘cautionary’ approach.

64 KEY:
Control up
Control down
—@— Transfemoral up
—«&— Transfemoral down g
?

a-p displacement (% height)

25 S 4 ‘ ‘ ‘ &
m-1 displacement (% stance width)

Figure 1. ‘Ensembled average’ CoP trajectories for
transfemoral amputees vs. controls when stepping up to and
down from the low step height. Distance between points
represents movement speed. Data are shown from movement
initiation up to swing limb foot-contact. [ and O indicates
the instant of heel- and toe-off of the swing limb respectively.

CONCLUSIONS

Findings indicate the gait initiation process utilised by lower-
limb amputees was dependent on the direction of stepping
and, more particularly, by which limb the amputee led with.
This suggests that the balance and postural control of gait
initiation is not governed by a fixed motor program, and thus
that an amputee will require time and training to develop
alternative  neuromuscular control and coordination
strategies. These findings should be considered when
developing training and/or rehabilitation programs.
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Table 1: Mean (SD) temporal and kinematic parameters averaged across step height when stepping up and stepping down.

Controls Transfemorals Transtibials

Up Down Up Down Up Down
. APA duration (% movement)y  30.7 (7.8) 39.1 (7.1)** 47.5 (4.3)** 37.0(5.4) 42.2 (7.5)** 31.9 (8.2)
E Peak a-p CoP (% height) -0.81 (-0.5) -1.8 (-0.7)** -1.5 (-0.8)** -1.0 (-0.5) -1.1 (-0.5)** -0.8 (-0.4)
: Peak m-1 CoP (% stance) 22.81(7.9) 20.8 (8.5) 13.9 (4.4)** 20.1 (6.7) 16.3 (4.3) 17.9 (4.8)
% m-1 CoM vel. HO (mm.s")  190.1 (56.8)**  178.1 (44.2) 159.9 (32.7)**  150.1 (44.6) 212.8 (34.3)** 175.2 (38.4)

a-p CoM vel. HO (mms") 91.1 (31.7) 129.6 (37.4)** 112.0 (49.8)* 64.7 (14.3) 86.3 (37.7)* 54.5 (18.9)

» Peakm-l1CoM (% stance) 26.9 (3.4)* 23.6 (4.8) 23.2 (4.8) 24.0 (7.6) 31.0 (5.9)* 27.0 (4.5)
_§ m-1 CoM vel. FC (mm.s)  334.9 (73.9)** 301.4 (74.0) 303.9 (47.8)**  240.0 (46.2) 360.2 (45.5)** 318.8 (54.6)
: a-p CoM vel. FC (mm.s")  511.0(29.1) 622.1 (106.0)** 462.4 (75.7) 457.3 (90.8) 485.7 (64.4) 511.9 (69.7)
“  Movement time (s) 1.29 (0.14)* 1.19 (0.16) 1.18 (0.23) 1.31 (0.21)* 1.38 (0.23) 1.47 (0.20)*

Differences between stepping direction are indicated as **P < 0.001, *P < 0.05. NB, m-1 CoP displacements during the APA phase were directed

towards the intended swing limb, whereas during the SE phase they were directed towards the stance limb. HO = heel-oft, FC = foot-contact.
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INTRODUCTION

The choice of a reference posture used in angular motion
calculations may play an important role in finding a
relationship between the static posture and rearfoot frontal
plane of motion in a clinical population such as patellofemoral
pain syndrome (PFPS). By using the relaxed standing as a
reference posture ! a frontal plane deviation in the reference
posture may mask any appearance of abnormal frontal plane
rearfoot motion during walking. This study examined the
relationship between rearfoot inversion/eversion during the
stance phase of walking and the static relaxed standing
measurement in females with PFPS and healthy controls and
examined the influence of reference postures used when
calculating these measures. Two reference postures were
investigated: (1) Vertical Alignment between the rearfoot and
the lower leg and (2) Relaxed Calcaneal Standing.

METHODS

Fourteen healthy and 13 females with PFPS were videoed
barefoot during five walking trials using a fourcamera (50Hz)
motion analysis system. External markers attached to a tibia
shell and the calcaneus measured peak inversion/eversion
motion of the rearfoot relative to the tibia. Two reference
postures were assessed: 1. Relaxed Calcaneal Standing posture
and 2. Vertical Alignment i.e with the posterior calcaneus and
lower leg vertically aligned. For Relaxed Calcaneal Standing
reference posture, subjects stood relaxed in a self selected
comfortable position. Vertical Alignment posture was
achieved when the subjects elevated or lowered their medial
longitudinal arch. While this posture was maintained the
frontal plane alignment of the rearfoot relative to the tibia was
recorded. For Vertical Alignment posture, to enable
normalization of the study population to the same zero
reference posture for inter-group comparison of the rearfoot
relative to the tibia in the frontal plane, the vertical axis was
rotated through the individual’s angle in the frontal plane
previously recorded. All walking trial angles were calculated
relative to both the Relaxed Calcaneal Standing and Vertical

Alignment postures. Pearson’s Correlation was used to
investigate the relationship between the Relaxed Calcaneal
Standing and stance phase peak inversion and eversion when
using the two reference postures.

RESULTS AND DISCUSSION

When using the Relaxed Calcaneal Standing reference posture
a significant correlation was found between static relaxed
standing measurement and maximum eversion in the control
group only (Table 1). When using the Vertical Alignment
reference posture, significant correlation was found in PFPS
only for both maximum eversion/inversion (Table 1). Thus,
indicating that with a more everted posture during relaxed
standing there is more eversion and less inversion during
walking. As subjects in the control group did not demonstrate
an increased calcaneal eversion during static relaxed standing
measurement, it is unlikely that these subjects would
demonstrate abnormal foot function during walking. A
mathematical relationship is therefore unlikely to be found.
The relationship between the rearfoot static clinical
measurement and dynamic function of the rearfoot during
walking therefore may be present in a clinical population
rather than healthy control subjects.

CONCLUSIONS

As the Relaxed Calcaneal Standing reference posture may
eliminate the inherent compensated foot during dynamic foot
function, the use of neutral posture may be necessary. The
positive relationship found in the PFPS group between
dynamic angular measure and static relaxed standing based on
a neutral reference posture indicated that PFPS subjects the
clinical rearfoot measurement relaxed standing can be used to
explain the pattern of rearfoot motion during walking.
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Table 1: The correlation between rearfoot static relaxed standing and rearfoot peak inversion/eversion (MeantSD) when calculated
using the two reference postures (Relaxed Calcaneal Standing and Vertical Alignment) for PFPS and control groups.

Reference posture Relaxed Calcaneal Standing Vertical Alignment

Mean+SD R value P value Mean+SD R value Pvalue
Control
Inversion 12.8°t5.46° -0.04 0.789 10.25°+6.11° 0.457 0.101
Eversion 2.8°+4.63° -0.770 0.001* 5.41°+2.99° 0.153 0.602
PFPS
Inversion 13.14°14 .86° 0.135 0.661 5.57°£6.29° 0.643 0.018*
Eversion 4.21°£2.57° 0.119 0.698 11.64°+4.85° 0.768 0.002*

* Significant at p<0.05
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INTRODUCTION

More and more physical rehabilitation related clinics are using
some types of body weight support system (BWSS) in their
practices. The use of the BWSS together with the repetition
and consistent nature of walking on the treadmill makes the
patient repeatedly practice the movement under controlled
conditions. In addition to providing postural support, the body
weight support system promotes coordination of the lower
extremities, which traditional pre-gait training was unable to
provide. Furthermore, the BWSS also helps to evaluate
patients’ gait without requiring the therapist to be at the
patient’s side to provide physical support. There is little
information regarding how BWSS influence the actual gait
pattern during treadmill walking. The purpose of this study
was to examine how the BWSS influence the external forces
at the vertical direction, and how the external forces were
influenced by walking speed and the targeted body weight
support.

METHODS

Sixteen college students have volunteered for the study. Their
mean age (mean + SD) and body mass were 22 + 2 years old
and 63 + 11 kg, respectively. The subjects were instructed to
walking on a force platform embedded treadmill (Gaitway,
Kistler, Amherst, NY, USA) with a body weight support
system (Vigor, Stevensville, MI, USA). They were walking at
four different speed (.45, .67, .89, and 1.12 m/s) combined
with four different levels of targeted body weight support
(BWS) at 0, 15, 30, 45 %BWS. The testing order was
balanced to prevent any possible order effects. Vertical ground
reaction forces were measured by the force pates embedded
within the Gaitway treadmill. The actual body weight being
supported was measured by a force sensor installed between
the harness and the supporting structure of the BWSS.

Maximum vertical ground reaction forces (RMVGREF),
maximum and minimum (RMAXSF and RMINSF)
suspension forces were calculated relative to participants’

1107 T
=
m
S
B 90 iy
O
y
=
o 707 1
2
=
Q
~
0.45 0.67 0.89 1.12 0 15 30 45
Speed (m/s) Targeted BWS

Figure 1: Maximum vertical ground reaction forces
increases with walking speed and decreases with the
amount of body weight being supported.
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Figure 2: Body weight support amplifies the fluctuation of
suspension forces larger then the proportion of body
weight support. This influence was enhanced by greater
walking speed.

body weight and expressed as percentage body weight

(%BW). Two factor (speed X %BW) ANOVA with repeated
measures were used to analyze the data.

RESULTS AND DISCUSSION

The mean and standard error of mean (SEM) of RMVGREF are
reported in Figure 1. RMVGRF increased with walking
speeds (F345 = 512, P < 0.001) linearly (F,45 = 50.3, P <
0.001). It decreased with the increase of the targeted BWS
(F345s = 17, P < 0.0001) with both significant linear (F45 =
1518, P < 0.001) and quadratic (F,45 = 16.3, P = 0.0002)
trends. RMVGREF reduced from 101 to 92 %BW when %BWS
increased from 0 to 15%, a reduction of approximately 9%
BW. RMVGRF further reduced to 77 and 62 %BW
(reductions of 15 %BW) when targeted BWS increased to 30
and 45%BW, respectively. RMAXSF ranged from 1.4 to 13.7
%BW and was influenced by both speed and %BWS
(interaction, Fg;35 = 2.01, P < 0.05). The greatest RMAXSF
was observed with 45% BWS and walking at 1.12 m/s. The
fluctuation (RMAXSF-RMIMSF) of the suspension force is
reported in Figure 2. The magnitude of this fluctuation
changed from 1.3 %BWS, wit the lowest speed and targeted
BWS, to 6.3, with the highest level of speed and targeted
BWS. The fluctuation was influenced by both speed and
targeted BWS (interaction, Fg 35 = 6.41, P <0.0001).

CONCLUSIONS

Body weight support system does not provide consistent lift to
the body being supported. The fluctuation of suspension force
was amplified with greater proportion of body weight support
and greater walking speed.
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INTRODUCTION

The traditional strategy for fabricating a transtibial amputee
(TTA) socket is based upon the assumption that the residual
limb is not uniform in its ability to tolerate load." Thus, the
contours of the residual limb mold are modified by the
prosthetist (i.e., rectified socket). We have investigated a new
method of shaping the socket using alginate gel.> Except for a
distal end pad, the mold is shaped to the contours of the
patient’s residual limb (i.e., unrectified socket). The purpose
of this investigation was to objectively compare rectified and
unrectified sockets in adults with a TTA.

METHODS

Forty-three adults with a TTA participated (mean age 47+10
years, 36 males 7 females, height 176+8 cm, mass 84+17 kg).
Subjects had mature residual limbs. Except for the socket
shape, the prostheses were the same.

The prosthetist fabricated the rectified socket using the
traditional method. The positive mold was made from a
plaster cast and modified by filing down and building up
different regions to account for the residual limb’s inability to
uniformly tolerate load. No more than three check sockets
were permitted. In the unrectified socket fabrication process,
the positive plaster mold was made using an alginate casting
method. The subject placed his/her residual limb into alginate
liquid and stood for approximately 5 minutes while the
alginate gelled to a semi-solid state. The subject removed the
residual limb from the gel leaving a negative mold. Plaster
was immediately poured into the mold. This positive plaster
mold was removed and very slightly smoothed with sanding
screen. A distal end pad was included during socket
fabrication, but no other modifications were made.

Subjects were tested after wearing the first randomly
assigned socket for at least 4 weeks. They then wore the
second socket and were tested after another 4 weeks. Data
were collected: 1) from a gait analysis, 2) during a sub-
maximal treadmill test (energy expenditure), and 3) from a
Prosthetic Evaluation quality of life Questionnaire [PEQ].’
After participation, the subject chose the socket he/she wished
to have on the final prosthesis. Repeated measures ANOVA

and a Chi square test were used to determine if significant
differences existed (p<0.05).

RESULTS AND DISCUSSION

There were no significant differences for any of the variables
(Table 1). The present study adds to the body of knowledge in
at least two areas. First, there appears to be more than one
paradigm for fitting a TTA socket. Despite the two different
socket fabrication strategies, the results of the tests for gait,
energy expenditure, the quality of life questionnaire (PEQ),
and final socket selection were not different.

The second area is related to the simplicity of the alginate
method. No shaping is done to the negative mold as it is
applied to the residual limb, no modifications are made to the
positive mold, and multiple check sockets are not needed. The
omission of these steps saves time. The process may not
require a prosthetist. The simplicity of the method could be
valuable in third world countries where prosthetists and
fabrication facilities are scarce or nonexistent. The simplicity
of the method might also be beneficial to new amputees, since
the effort associated with making a new socket is substantially
reduced. Sockets could be fitted more frequently to better
account for residual limb volume changes. The simplicity of
the method could also save time in a typical prosthetic clinic.

CONCLUSIONS

It is concluded that more than one paradigm exists for shaping
prosthetic sockets, and the alginate method is simpler than the
traditional method. The alginate method may be helpful in
third world countries, permit more frequent socket changes for
new amputees, and save time in the typical prosthetic clinic.
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Table 1. Means and standard deviations () for key variables.

Gait Speed P/NP VGRF Minimum stance VO, PEQ Total Final Socket
ratio knee flexion (deg) Selection ©
Socket cm/s % P NP ml/(kg*min) %
Rectified 125 (22) 95 (7) 11 (6) 11(5) 13.4(2.3) 82 (11) 16
Unrectified 125 (22) 96 (6) 10 (5) 11 (6) 13.5(2.6) 81 (13) 25
Able-bodied 133 (17)° 100 4° 4°

* Waters et al., 1988; ° Murray et al., 1964; ¢ Two subjects decided to use both sockets; P = Prosthetic leg;

NP = Nonprosthetic leg; Maximum Vertical Ground Reaction Force [VGRF] ratio
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—Coupling Motion of the Lumbar Spine during Rotation—
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INTRODUCTION

In vivo 3D kinematics of the lumbar spine during rotation has
not been well evaluated by the conventional methods because
of inaccuracy. Only in vitro studies reported quantitative data
in 3D intervertebral motions. However, the lack of physiologic
muscle activity makes the results of in vitro study impractical
[1]. Peacy et al [2] attempted to document in vivo coupled
motion with axial rotation using biplanar radiography but
failed to accurately demonstrate complex coupled motion,
because their methods depended greatly on subjective
assessments by examiner in tracking bony landmarks on plain
radiographs. Considering those facts, in order to evaluate
accurately, we developed a 3D imaging system for the relative
motion of individual vertebra in vivo and reported the
kinematics of the cervical spine using this original method
[3,4]. The purpose of this study was to evaluate in vivo 3D
intervertebral motions of the lumbar spine during rotation.

METHODS

Ten healthy volunteers underwent 3D-MRI of the lumbar
spine in 9 positions with 15° increments during trunk rotation
using a 1.0-T imager. Relative motions of the lumbar spine
were calculated by automatically superimposing a segmented
3D-MRI of the vertebra in the neutral position over images of
each position using voxel-based registration. 3D motions of
adjacent vertebrae were represented with six degrees of
freedom by Euler angles and translations on the coordinate
system defined by Panjabi, and visualized in animations using
surface bone models.

RESULTS AND DISCUSSION

The mean axial rotation of T12/L1, L1/2, L2/3, L3/4,14/5 and
L5/S1 in maximum trunk rotation (56.1°) to each side was
1.3°,1.6°1.5°,2.0° 2.1° and 1.7°, respectively. Coupled
lateral bending of L1/2, L2/3, L3/4, and LA4/5 according to
axial rotation was 2.0°, 3.6°, 3.8°, and 1.9°, respectively in the
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Figure 1: Coupled lateral bending with axial rotation was
observed in the opposite direction as axial rotation from
L1/2 to L4/5 level, in the same direction T12/L1 and L5/S1

level.

XIS

Y
Sy

e

i;a
e

74

15

i

=mm)p Right Rotation

*7

Neutral

opposite direction and that of T12/L1 and L5/S1 was 0.9° and
0.8° in the same direction (Figure 1). Coupled flexion with
axial rotation was observed (L1/2;1.0°, L2/3;1.5°, L3/4;1.5°,
L4/5;1.2°,1L5/S1;2.5°), while in thoracolumbar junction,
extension was coupled with axial rotation (T12/L1;0.1°).
These results are consistent with a previous in vivo study by
Peacy et al (Table 1).

CONCLUSIONS

We investigated the 3D intervertebral motions of the lumbar
spine during trunk rotation using a novel in vivo 3D motion
analysis system, and this is a first report for the in vivo
coupled motions with accuracy. This result will be helpful for
the analysis of other lumber kinematic abnormalities.

REFERENCES

1. Panjabi M, et al. Spine 14, 1002-1011, 1989
2.Pearcy MJ, et al. Spine 9, 582-587, 1984
3.1shii T, et al. Spine 29, 2826-2831, 2004
4.1Ishii T, et al Spine 29, E139-E144, 2004

Table 1: Comparison of the Mean Range (°£SD) of Coupled Rotational Motion on one side

T12-L1 L1-L2 L2-L3
In vivo study modality Main AR Coupled LB Coupled F-E  Main AR Coupled LB Coupled F-E  Main AR Coupled LB Coupled F-E
Peacy et al (1984) Bi-plane X-ray - - - 1 3 0 1 4 0
Present study 3D-MRI 1.3(0.5)  *-0.9(0.6) *-0.1(0.4) 1.6(0.8)  2.0(0.8) 1.0(1.1) 1.5(0.6)  3.6(1.0) 1.5(0.9)
L3-L4 L4-L5 L5-S1
In vivo study modality Main AR Coupled LB Coupled F-E ~ Main AR Coupled LB Coupled F-E = Main AR Coupled LB Coupled F-E
Peacy et al (1984) Bi-plane X-ray 2 3 0 2 2 0 1 -2 0
Present study 3D-MRI 2.0(0.6) 3.8(1.1) 1.5(0.7) 2.1(0.7)  1.9(0.8) 1.2(0.7) 1.7(0.6)  -0.8(0.7) 2.5(1.9)

Coupled lateral bending (+) represent the opposite direction of axial rotation
AR = axial rotation; LB = lateral bending; F-E = flexion-extension
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Coupled flexion-extension (+) represent flexion.
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INTRODUCTION

The most common cause for diabetic plantar ulcers is
excessive plantar pressures in the presence of sensory
neuropathy and foot deformity. Proper footwear fitted with a
total contact insert (TCI) or TCI with a metatarsal pad are the
standard of care for reducing forefoot plantar pressures,
although research has not clearly indicated optimal size,
location and material properties of orthotic components. One
key aspect for achieving this goal is to develop three-
dimensional computational models of the foot for enhancing
and evaluating a broad range of orthotic device components.

METHODS

In modeling a complex system like the human foot, it is
necessary to make simplifying assumptions regarding
topological details, constitutive laws, material properties and
boundary conditions. Such simplifications are acceptable only
if they do not significantly affect the data of interest, in this
case the pressure distribution in the regions of the metatarsal
heads at push-off. In our investigation, the complexity of the
model was increased hierarchically, until the computed
pressure distribution was no longer affected by the restrictive
assumptions incorporated in the simpler models. The three-
dimensional internal structure of the foot was determined
using data from SXCT [1], while the reference pressure
distribution was measured using the F-scan system [2] with
the pressure sensor taped to the subject’s foot.

We considered the structure of the foot to be characterized by
bone, cartilage, flexor tendon, fascia and tissue. The material
properties for the bones were assumed to be linear. Cartilage
with linear elastic material properties was included between
bones to simulate the flexibility of the connection between
bony structures. Muscles and fat were lumped into a single
material type (tissue) with nonlinear elastic properties
obtained for each individual using an indentor testing device
[3]. Fascia and flexor tendon were also incorporated into the
model and the properties were assumed to be linear elastic.

RESULTS AND DISCUSSION

Figure 1 shows the section taken through the second
metatarsal of the foot in the push-off position of a 63 year-old,
male, diabetic subject, with a history of a plantar ulcer.
Simpler models were constructed by removing the cartilage
between phalanges, or by not including the fascia or the flexor
tendon in the model in various combinations.

The p-version FEA program StressCheck was used for the
numerical simulation. The influence of the different modeling
considerations in the pressure distribution in a region 15 mm
proximal and 20 mm distal from the center of the metatarsal
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head was compared with the one obtained with the F-scan
system.

support
~

second metatarsal

phah_.ir:lges

fascia <
flexor tendan }
cartilage

.".:
o S
Figure 1: Segmentation for the most complex model

considered for analysis.

Predicted and measured pressure distributions were compared
in four patients with diabetes and a history of neuropathic
ulcer and the agreement was found to be generally good
(typically within 12% error in L2 norm) as shown in Figure 2.
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Figure 2: Measured (F-Scan) and computed (Full Model)
pressure distributions under the 2™ metatarsal head.

CONCLUSIONS

Initial validation of our computational model is reasonable and
future work will seek to determine optimal characteristics of
orthotic devices and footwear to distribute plantar pressures
evenly.
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INTRODUCTION

Dynamic analyses during rising to stand from a chair, of the
head, and trunk segments have been rarely investigated. Much
of the research to date has examined a constrained motion in
that the subjects rise with arms folded and kept as close to the
body as possible. The use of the upper limbs, however, have
been found to significantly affect movement strategies for the
body’s centre of mass (COM) [1]. When the arms were
restricted the COM had a reduced forward displacement, and
lowered horizontal and vertical linear momentum [2].
Although a significant difference was found in the ankle joint
displacement [1], the effect of restricted arm motion on the
motion of the head and trunk segments is unknown. The
purpose of the study was to investigate the peak displacement
of the head, thomcic and pelvic segments for a rise to stand
from a chair when using the arms in a natural manner in
comparison to crossed across the chest.

METHODS

Twelve female subjects rose to stand for three trials of each
condition: in a natural manner and with the arms crossed
across the chest. Data were collected using an 8 camera
motion analysis system and a height adjustable chair set to
110% of fibular head to floor distance while standing. Retro-
reflective markers were used to define the pelvis, thoracic and
head segments with three markers per segment. Sagittal plane
displacement of the head, thoracic and pelvic segments. and
the thoracolumbar and cervicothoracic spines were calculated
throughout the motion. Relative motion of the head and
thoracic, and thoracic and pelvic segments were taken as the
cervicothoracic and thoracolumbar spines respectively. A
single marker each on the right humeral lateral epicondyle and
greater tubercle allowed sagittal plane range of motion (ROM)
of the right shoulder to be investigated. Paired Students t-tests
were used to compare peak displacements.

RESULTS AND DISCUSSION

The head, thoracic and pelvic segments first flexed forward
and then extended as the rise continued. During the pre-
extension phase the thoracic segment flexed more than the
pelvis causing relative thoracolumbar flexion. The thoracic
segment flexion then slowed relative to the pelvic segment
causing thoracolumbar extension for the remainder of the
movement. For the cervicothoracic spine, the head and
thoracic segment initially flexed forward, however the head
segment forward flexion was less than that for the thoracic
segment causing relative cervicothoracic spine extension prior
to seat off. Extension of the thoracic segment then resulted in
flexion of the cervicothoracic spine as the rise continued.

There was no significant difference between a natural and
constrained rise to stand for the peak flexion of the thoracic
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and pelvic segments and the thoracolumbar spine (Table 1).
The head segment was significantly more flexed during a
constrained rise and the cervicothoracic spine was
consequently less extended (Table 1). It is possible that greater
head forward rotation was utilized to compensate for the
reduced input to upper body momentum from the restricted
arm motion of a constrained movement.

During a natural rise all subjects first flexed the shoulder prior
to seat-off, then extended. During a constrained rise some
subjects followed a similar movement pattern while others
first extended the shoulder joint then flexed ie the upper limbs
were bought closer into the trunk. The former strategy was
similar to the motion used when the upper limbs were free to
move and therefore may be considered a curtailed normal
motion in an attempt to minimize the shoulder flexion motion.
The latter strategy, however, is opposite in direction to the
overall movement. Bringing the upper limbs closer to the
chest may, however, increased the thoracic segment forward
flexion and therefore the upper body centre of mass was
brought forward and assisted in compensating for the loss of
normal upper limb contribution to the overall movement. No
differences were noted between the thoracic segment peak
flexion for a free or constrained rise, however the differences
may have been masked by the use of the two shoulder motion
strategies within the group.

As would be expected there was a significant increase in
shoulder joint ROM with a natural arm movement (Table 1).
During the constrained motion, despite requesting the arms be
held against the chest, motion still occurred at the shoulder
joint as previously reported [1]. Forward upper limb motion
was therefore thought to be concomitant to lower limb motion
during rising to stand [1].

Table 1: Peak displacement (°).

Natural Constrained P
Head 335%£4.75 8.39% 6.46 0.005*
Thorax 36.76 £4.91 37.08 £9.13 0.861
Pelvis 36.10 £ 6.73 36.71 £9.55 0.668
Cervicothoracic | -38.69+8.27 | -30.431+8.66 | 0.019*
Thoracolumbar | 32.48 +8.83 32.89 £8.07 0.707
Shoulder ROM 13.67 £ 4.45 8.16 £ 3.65 0.001*

Positive values are flexion and negatives values are extension
* significantly different at p<0.05
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INTRODUCTION

Chronic motor deficits in the upper limb are a major
contributor to disability following stroke. Although it has been
shown that improvements in motor function are most likely in
the initial three months following stroke, recent research has
demonstrated that gains in motor function can occur with
intensive motor learning-based rehabilitation in people even
many years post-stroke (1,2). The purpose of this study was to
investigate the effect of robotic therapy on motor function and
robot derived performance measures in patients with chronic,
severe upper extremity (UE) impairments after stroke.

METHODS

As part of a larger study, 15 individuals with chronic, severe
UE paresis (Fugl-Meyer <15) after stroke (> six months post
onset) performed 18 sessions of robot-assisted UE
rehabilitation consisting of goal-directed, planar reaching tasks
over a period of three weeks. The robot testing involved the
subject reaching for each target, clockwise around the circle
pattern without movement assistance from the robot. A
movement began when the speed first became greater than 2%
of the peak speed and ended after the speed dropped and
remained below the 2% threshold again. Kinematic variables
derived from the robot evaluation data were aiming error
(mean absolute angle between actual direction and a straight
line between start and target), mean speed (total distance
traveled over total movement duration), peak speed, mean-to-
peak speed ratio (mean speed divided by the peak speed which
has previously been used as a metric of movement
smoothness) (3) and movement duration. Outcome measures
included the Fugl-Meyer Assessment, the Motor Power
Assessment, the Wolf Motor Function Test, and five robot
derived measures (aiming error, mean speed, peak speed,
mean: peak speed ratio and movement duration). Student t-
tests evaluated differences between baseline and post-

treatment outcomes (p<0.05). Cohen’s d was calculated to
determine the effect size of treatment on the clinical and
robot-derived measures.

RESULTS AND DISCUSSION

Training produced statistically significant improvements from
baseline to discharge in the Fugl-Meyer and Motor Power
Assessment scores, and in the quality of motion (quantified by
a reduction in aiming error and movement duration with an
increase in mean speed and speed ratio variables-Table 1).
These findings provide evidence that persons with severe UE
paresis long after stroke onset can demonstrate reduced motor
impairment with a brief, intense robot-assisted intervention.
Previous research showed that early in recovery post-stroke, a
patient’s movements are composed of short, sporadic sub-
movements with a series of peaks and valleys. As subjects
improved with training, reaching movements became
smoother with fewer stops, suggesting improved inter-joint
coordination and neural recovery processes (3). In the present
study, large treatment effects for the robot-derived measures
indicate that movement accuracy and smoothness did improve
with practice in these individuals with severe, chronic paresis.

CONCLUSIONS

Our findings indicate that robot-assisted UE rehabilitation can
reduce UE impairment and improve the quality of motion in
patients with severe UE impairments from chronic stroke.
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Table 1: Means (standard error of mean) for robotic outcome variable scores at baseline, post treatment

N=15 Aiming error Mean Speed Peak Speed Mean-to-Peak Speed Movement Duration

(radians) (m/sec) (m/sec) Ratio (sec)

Baseline 1.144 0.038 0.138 0.284 4.850
(0.040) (0.004) (0.012) (0.013) (0.366)

Post-Treatment 1.009 0.046 0.131 0.360 3.357
(0.055) (0.004) (0.011) (0.016) (0.334)

Change -0.136 0.007 -0.006 0.076 -1.492
(0.038) (0.002) (0.005) (0.012) (0.310)

Effect size 0.73 0.37 0.14 1.38 1.10

(Cohen’s d)

p-values <0.01* <0.01* 0.27 <0.01* <0.01*

* = Significant change baseline to discharge
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INTRODUCTION

Haemophilia is an inherited bleeding disorder in which the
blood does not clot normally and is characterised by
spontaneous and traumatic musculoskeletal bleeding into
joints and muscles [1,2]. This paper provides for the first time
a description of the gait pattern of children with severe
haemophilia who have experienced at least 3 episodes of
bleeding into the ankle joint and how this gait pattern deviates
from normal gait.

METHODS

Five children, (mean + SD, age 10.02 + 2.82 years) with
severe haemophilia and 4 age-matched normal controls, (10.05
+ 2.53 years) volunteered to take part in this pilot study.
Kinematic and kinetic data for the pelvis and lower limb was
collected using a 10 camera Vicon 612 Motion Analysis
System (Oxford Metrics Ltd, UK) and 2 Bertec Force
Platforms (Model MIE Ltd, Leeds, UK). The force platforms
were positioned in the middle of a 7.5 metre walkway and
subjects walked barefoot at a self-selected comfortable
walking speed. Mean and peak angles and moments in the gait
cycle, initial contact and toe off were analysed for differences
between the haemophilia subjects and healthy matched
controls using the Mann-Whitney U independent t-test for non
parametric data. Spearman rank correlations were also used to
investigate the relationship between an established clinical
haemophilia assessment score [3] and gait changes.

RESULTS AND DISCUSSION

Children with a history of bleeding into the ankle joint
adopted a gait pattern which differed from that of normal
children. Table 1 shows the differences seen in the ankle and
knee angles, while Figure 1 shows the significantly greater
ankle plantarflexion (p=0.01) and smaller ankle dorsiflexion
moments (p=0.05). Significantly greater knee flexion
moments (p=0.01), greater knee flexion angles (p=0.01),
smaller ankle adduction angles (p=0.02), smaller ankle
external rotation angles (p=0.04) were also found in children
with haemophilia.
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Figure 1. Graph showing sagittal plane ankle moments

Gait velocity was significantly reduced (p=0.02) in the
children with haemophilia with no apparent relationship was
shown between velocity and the clinical haemophilia score

[3].

Increased flexion and loading at the knee joint may lead to
greater susceptibility to haemarthrosis and disability at the
knee joint for these children that may affect lower limb muscle
function.

CONCLUSIONS

The results of this pilot study demonstrate that children with
haemophilia alter their walking possibly to protect and
decrease the load and forces at the ankle joint and increase the
load and forces at the knee joint that may affect lower limb
muscle function. The subtle gait abnormalities in these
children were undetected in either clinical examination or the
clinical assessment score.
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Table 1: Means (£ SD) sagittal plane joint angles and maximum joint moments during level walking.

Haemophilia Group Normal Group

Mean Joint Angles (degrees) Ankle 2.63 (£ 4.08) 1.44 (£ 3.28)
Knee ** 24.85 (+ 5.84) 15.98 (£ 5.03)

Hip 12.61 (+ 6.57) 15.25 (£ 4.66)

Max Joint Moments (Nm/kg) Ankle * 1.30 (£ 0.27) 1.59 (£ 0.26)
Knee * 0.79 (£6.57) 0.36 (£ 0.27)

Hip 1.68 (£ 0.51) 2.11 (£ 0.70)

*p<0.05 **p<0.01
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INTRODUCTION

Historically, fluctuations in human gait patterns were
considered to be random noise or error in the output of the
nervous system. However, recent investigations have
suggested the contrary and have indicated that such
fluctuations have a chaotic structure. A chaotic structure
means that the lower extremity kinematics fluctuate from one
step to the next with a deterministic pattern. Changes in the
chaotic structure appear to be related to the health and stability
of the neuromuscular system [1].

The Lyapunov exponent (LyE) is used to quantify the chaotic
structure present in a gait pattern [1]. The LyE for a periodic
signal (e.g. sine wave) is zero, which indicates no separation
in the attractor’s trajectory. Alternatively, the LyE for
Gaussian noise is positive (+0.469) and indicates divergence
in the attractor’s trajectory. Hence, a time series that has LyE
value close to +0.469 indicates instability, while a time series
with LyE close to zero indicates stability or possibly rigidity.
The chaotic structure of human locomotion lies somewhere
between these two extremes [1]. The degree of stability of a
gait pattern can be explored from a chaotic perspective by
investigating whether the LyE value shifts towards one of the
two extremes, as the independent variable is scaled.

The influence of Newtonian forces on gait stability is not yet
completely understood. Here we explore the influence of
gravity on chaotic gait stability with a passive dynamic
bipedal walking model and experiments where humans walk
at simulated micro-gravities.

METHODS

The passive dynamic bipedal model consisted of two rigid legs
connected by a frictionless hinge at the hip (Figure 1; [2, 3]).
Slight increases in the ramp angle of the walking surface
promote a cascade of bifurcations that lead to a chaotic gait
pattern [2, 3]. Different micro-gravities were simulated by
decreasing gravity in the model’s governing equations at the
respective ramp angles. A custom built body weight
suspension (BWS) system was used to experimentally explore
the influence of various micro-gravities on human chaotic
locomotion. The BWS supplied a constant upward force on
the subject’s center of gravity via a cable-spring-winch system
that was monitored with a force transducer [4]. Five subjects
walked on a treadmill for two minutes under the following
micro-gravities: 1.0, 0.9, 0.8, and 0.7 Gs. LyE values were
calculated for the sagittal plane joint angle time series of the
hip, knee and ankle with an embedding dimension of five.
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Figure 1. The passive dynamic walking model (A).
Bifurcation map of the model’s locomotive patterns for the
respective ramp angles. Chaotic gait exists when ramp angle is
greater than 0.1839 radians [3] (B).

RESULTS AND DISCUSSION

Our simulations provided initial evidence that gravity
influences the structure of chaotic gait patterns. As gravity
was reduced the model’s gait bifurcated towards a chaotic gait
pattern that was closer to instability (Figure 1B). The human
experiments complemented our model’s simulations (Table 1).
In general, as gravity was reduced the human chaotic gait
patterns shifted towards instability. A significantly increasing
linear trend was found for the ankle joint (p = 0.03) where
lower micro-gravities were associated with less stability.
Hence, changes in gravitational forces influenced the
performance of the ankle for maintaining stable gait patterns.
Although a reduction in gravity is associated with a more
economical gait [4], our results indicate that it is not
associated with a more stable gait. Alternative counter
measures for maintaining a stable gait in micro-gravity
environments (i.e. the Moon or Mars) may be necessary. Our
future investigations will reveal how changes in other
Newtonian forces influence chaotic gait patterns.
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Table 1. LyE means and standard deviations for the
respective lower extremity joints and micro-gravities.

Joint 1G 0.9G 0.8G 0.7G
Ankle 0.176 (.03) 0.189 (.02) 0.196(.02) 0.213 (.02)
Knee  0.104 (.05) 0.120 (.04) 0.120 (.04) 0.124 (.03)
Hip  0.109(.03) 0.107 (.02) 0.117(.02) 0.119 (.01)
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INTRODUCTION

Human and animal research has indicated that the spinal
locomotive neural network wiring is depended on appropriate
sensory information. Previous studies have indicated that the
loading of the stance limb and the stretch of the hip
musculature during the terminal portion of the stance phase
are important sensory variables for establishing the spine’s
neural network connections [1]. However, it is currently not
clear which sensory information has a greater influence on the
neural wiring. Such difficulties may lie in the fact that it is
difficult to completely separate the sensory variables in
humans and animals [1].

Artificial neural networks (ANN) are composed of
biologically inspired neuron like elements that can be use to
model the behaviors of spinal neural networks [2]. ANN are
unique because they can be used to simulate the influence of
isolated sensory inputs on the wiring of the network’s neural
connections. Here we use ANN models to further elucidate the
effect of limb loading and hip joint sensory information on the
development of the neural connections for locomotion.

METHODS

Two feed-forward ANN models that each had six input
neurons, three hidden neurons and one output neuron were
developed. Neurons between each layer were connected via a
series of weighted edges (wjj). Each ith neuron had an input
value x; and an output value y; = g(x). A sigmoid function g(x)
= (1+ ¢*)" was used to determine the excitation of the neuron
where the value of x was given by x; = > wjy; Through
training, the two ANNSs learned the proper neural connections
to supply a toe-off impulse that actively powered a passive
dynamic bipedal model [3] (Figure 1). The simple bipedal
model consisted of two rigid legs connected by a torsional
spring at the hip. The potential energy of the spring (PE) at the
terminal portion of each step was used to model the hip joint
sensory information (Eq 1).

PE='2k (¢—e)2: Equation 1.

Where k was the stiffness of the hip spring, 8 was the stance
leg angle, and ¢ was the swing leg angle. k was constant in the
bipedal model and was set at 0.01 s™. The loading force (LF)
of the new stance leg was modeled by geometrically
calculating the force that occurred at heel-contact (Eq 2).

LF = Cos (90-20)* & Equation 2.
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Figure 1. The passive dynamic bipedal walking model [3] that
the ANN learned to actively power with a toe-off impulse.

The six sensory inputs for each ANN model were as follows:
0, @, ¢, ¢,PE and LF. The first ANN model was not

provided with LF, but was provided with PE. The second
ANN model was not provided PE, but was provide LF. The
initial edge weights for the neurons that were common
between the two ANN models were the same. Sensory nodes
that were not used in the respective ANN models were set to
null. A total of 120,000 training epochs were used in this
investigation. The ANN model with the largest mean square
error at the respective epochs had a worse learning curve.

RESULTS AND DISCUSSION

Our simulations indicate that the PE and LF played different
roles for learning the locomotive neural connections. The
ANN trained with LF had a faster initial learning rate.
However, as the training exceeded 3000 epochs, the amount of
learning that occurred with the LF did not substantially
change. Sensory information provided by the PE resulted in a
more gradual learning curve and did not influence the neural
connections as drastically during the early learning stages.
However, as the number of epochs increased, the learning
curve from the ANN trained with EPE eventually surpassed
the performance of the ANN model trained with LF. These
simulations suggest that during the early portions of locomotor
training, sensory information from the loading forces may be
vital to accelerate the learning process. However, as training
progresses, hip joint sensory information may provide more
meaningful information for the establishment the neural
connections for stable locomotion. These simulations provide
insight on the interactive role of these two sensory variables
for learning the locomotive neural connections.
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INTRODUCTION

Vertebral fractures are considered to be one of the hallmarks
of osteoporosis. The actiology of these fractures remains
unclear, since individuals with comparable bone mineral
density (BMD) measured with DXA demonstrate different
prevalence rates for fracture. Previous research has
demonstrated heterogeneity of bone properties within the
vertebral centrum [1]. The distribution of BMD within the
centrum may help to explain the aetiology of these fractures.
The majority of vertebral fractures occur in the mid thoracic
spine. However, DXA cannot be used to measure BMD in this
area in vivo. The aims of the current study were to determine if
regional differences exist in BMD in thoracic and lumbar
vertebrae and to determine if the patterns of BMD distribution
were similar between these levels.

METHODS

Six embalmed cadaver spines were used for this study (mean
8lyrs). Antero-posterior and lateral DXA scans were
performed on each specimen with an Hologic QDR4500
densitometer. The lateral scan was used to calculate areal
BMD for the whole vertebral body and in 3 subregions
orientated longitudinally (posterior, middle, anterior) and 3
subregions orientated transversely (superior, central, inferior)
for T7, T8, L2 and L3. Vertebral areas were defined manually
by the raters and were of equal size in each plane for each
vertebral body. Differences in subregional BMD were
examined using a one way repeated measures ANOVA with 4
levels set a priori (whole vertebral body with 3 subregions) to
prevent post hoc comparisons of overlapping subregions.

RESULTS AND DISCUSSION

A significant difference in subregional BMD was found for
T7, T8, L2 and L3 (p<0.05). Post hoc tests revealed
significantly lower BMD in the central zone of T7, T8, L2 and
L3 (»p<0.05) (see Figure 1), and in the anterior zone of L2 and
L3 (p<0.05) (see Figure 2). Volumetric BMD, rather than
areal BMD may be a better variable for longitudinal subregion
comparisons due to differences in their 3D geometry.

These results confirm the ability of a commonly used clinical
tool, DXA, to detect differences in BMD within vertebral
bodies. The results also demonstrate that interpretation of
whole vertebral BMD in isolation can obscure potentially
important regional density characteristics. The lower BMD
observed in the central subregion of thoracic and lumbar
vertebrae may help to explain the mechanisms underlying
vertebral crush fracture. Compared to the other subregions, the
central subregion contains minimal cortical bone and maximal
trabecular bone. Therefore, this area may be of significant
clinical importance given that trabecular bone is known to be
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Figure 1: Mean BMD for whole vertebral area and posterior,
middle and anterior (transverse) subregions at T7, T8, L2, L3
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Figure 2: Mean BMD for whole vertebral area and superior,
central and inferior (longitudinal) subregions at T7, TS, L2, L3

the dominant structural component in resisting compressive
load [2]. Significantly lower BMD in the anterior zone of
lumbar vertebrae may help to explain a mechanism for
vertebral wedge deformity. Figure 2 illustrates a similar
density distribution profile between thoracic and lumbar
vertebrae. Given that thoracic BMD cannot be measured in
vivo with DXA, it may be plausible to assume that
measurement of lumbar subregional BMD could be used to
predict thoracic BMD distributions.

CONCLUSIONS

DXA can be used to detect differences in BMD within
vertebral bodies. These differences may explain, in part,
mechanisms underlying vertebral fracture. Intra-vertebral
density profiles show some similarities between thoracic and
lumbar vertebrae.
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INTRODUCTION

In vivo 3D motion of the cervical spine has not been
documented until now, since they are too complicated to
follow with conventional radiographs or CT. Although in
vitro studies using cadaver specimens reported data on the
cervical 3D motion, it might not actually reflect physiological
motion due to the lack of tonus of musculature. Moreover,
understanding 3D motions with only a numerical combination
of rotations and translations was difficult. To overcome these
problems, we developed a quite unique in vivo 3D motion
analysis system using 3D-MRI, which can make the 3D
animation of the motion, and reported the kinematics of the
cervical spine in rotation using this system [1,2]. The purpose
of this study is to demonstrate for the first time in vivo 3D
intervertebral motions of the cervical spine in lateral bending.
METHODS

Twelve healthy volunteers underwent 3D-MRI of the
cervical spine in 7 positions with 10° increments during lateral
bending using a 1.0-T imager. Relative motions of the cervical
spine were calculated by automatically superimposing a
segmented 3D-MRI of the vertebra in the neutral position over
images of each position using volume registration, which is a
method to determine relative position between two volume
images by means of superimposing two 3D images to make
each voxel value coincide each other maximally, and
correlation coefficient was used as similarity measure. Three-
dimensional motions of adjacent vertebrae were represented
with six degrees of freedoms by Euler angles and translations
on the coordinate system defined by Panjabi, and visualized in
animations using surface bone models reconstructed with
marching cubes algorithm in the Visualization Toolkit (VTK).
As we have already declared, the accuracy of this system was
0.24° for flexion-extension, 0.31° for lateral bending, and
0.43° for axial rotation. Mean absolute translational error was
0.52 mm for superoinferior translation, 0.51 mm for
anteroposterior translation, and 0.41 mm for lateral translation.
[1].
RESULTS AND DISCUSSION

Mean maximum lateral bending of the cervical spine to one
side in maximum head lateral bending (30.3°) was 1.9° at
Oc/C1, 1.6° at C1/2, 3.7° at C2/3, 3.5° at C3/4, 3.3° at C4/5,
4.3° at C5/6, 5.7° at C6/7, and 4.1° at C7/T1. C6/7 showed the
larger lateral bending than other levels (P < 0.05). Coupled
axial rotation in the opposite direction to that of lateral

Figure 1: Cervical motion in left and right lateral bending
bending was observed in the upper cervical levels (Oc/Cl,
0.2°; C1/2, 17.1°), while in the subaxial cervical levels, it was
observed in the same direction as lateral bending except for
C7/T1 (C2/3, -0.9°; C3/4, -1.8°, C4/5, -1.1°, C5/6, -1.2°; C6/7,
-0.8°; C7/T1, 0.4°). Coupled flexion-extension was small at all
vertebral levels (< 1.1°).

In our previous study, we documented that axial rotation of
subaxial cervical spine accompanied lateral bending in the
same direction as axial rotation. Thus, coupling patterns of
subaxial cervical spine were similar between lateral bending
and axial rotation. We speculated that the upper cervical spine
compensates for subaxial ipsi-axial rotation during head lateral
bending by contra-axial rotation.

We could investigate in vivo 3D motions of the cervical
spine accurately, quantitatively and non-invasively with the
use of 3D-MRI to eliminate radioactive exposure. Our system
facilitates not only mathematical descriptions of 3D motions,
but also 3D visualization of this information, and enabled us to
easily understand complicated coupled motion of the cervical
spine.

CONCLUSIONS

1. We developed a novel in vivo 3D motion analysis system
and succeeded in disclosing the in vivo coupled motions of
the cervical spine in lateral bending for the first time.

2. Lateral bending increases as the cervical level goes
downwards, and coupled axial rotation of subaxial cervical
spine is in opposite direction to that of the upper cervical
spine.
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Table 1: Mean Range (°+SD) of 3-D Intervertebral Motions on one side

Motion Cervical Level
Oc-C1 C1-C2 C2-C3 C3-C4 C4-C5 C5-Cé6 C6-C7 C7-T1
Main Lateral bending 1.9(0.9) 1.6(1.3) 3.7(2.0) 3.5(1.4) 3.3(1.0) 4.3(1.4) 5.7(1.9) 4.12.7)
Coupled Axial Rotation  0.2(1.0) 17.14.7)  -0.9(0.9)  -1.8(0.7)  -1.1(0.9)  -1.2(1.0)  -0.8(0.9) 0.4(1.0)
Coupled Flexion-Extension -1.1(1.4) 0.2(2.0) 0(0.9) 0.5(0.9) 0.8(1.0) 0.7(1.2) 0.4(1.8) 0.5(1.5)
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INTRODUCTION

Experimental measurement of ligament strain
behaviour is made challenging by the complex
geometry of the tissue and the often-invasive nature of
measurement devices. There is no gold standard for
measurement method, and no direct comparison of the
results obtained by implantable and non-invasive
measurement methods has ever been made. In this
study, two methods for measuring ligament strain in
vitro ~ were  compared:  non-invasive  optical
measurement (OPT) and the implantation of a
differential variable reluctance transducer (DVRT).

METHODS

The equivalence of DVRT and OPT was first tested in
an isolated tensile test. The anterior fibres of the
medial collateral ligament (MCL) were resected from 8
bovine stifle (knee) joints and mounted in a Zwick
Z010 materials testing machine. A sub-miniature
DVRT (Microstrain, VA.) was implanted parallel to
the primary ligament fibre direction. Two optical
markers were painted at the extremities of the device
(10 mm apart), and also at each end of the ligament (35
mm). A uniaxial tensile load was applied to the
ligament at 30 N.s™ until 150 N of force was reached.
The ligament was allowed to relax to 30 N of internal
force and the process repeated for 3 cycles. Each
ligament was tested 4 times at 10 min intervals. DVRT
data was sampled at 50 Hz using a National
Instruments BNC connector block and 12-bit DAQ
card. The optical markers were tracked using a 50 Hz
digital camcorder and SIMI Motion Analysis software.
Tensile strain (¢) was computed using reference MCL
length at 0 deg (ly) and instantaneous length (1): € = (I-
lop)/lp. Strain change (Ae) was defined as the difference
between peak and minimum strain.

Quasi-static tests were conducted using intact bovine
stifle joints (n=3). Ten cycles of passive flexion and
extension were applied via a customised rig at 30 deg s’
! between 0-120 deg. DVRTs were implanted in mid-
anterior and  proximal-anterior MCL fibres.
Corresponding optical markers were tracked with two
calibrated 50 Hz cameras and SIMI software was used
to reconstruct the 3D coordinates using DLT
methodology.
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RESULTS AND DISCUSSION

There was no significant difference in Ae detected
using OPT or DVRT during cyclic uniaxial tension
testing (p=0.184) (Fig.1). The DVRT did report
significantly mean higher absolute strain (p=0.001).
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Figure 1: Isolated test results

The DVRT results for quasi-static tests may have been
influenced by the motion of deep MCL fibres around
the device. OPT can measure only surface strains
(Fig2), which may account for the difference in results.

Berain )

- -DWRT-pras

—— BPT-prea

Figure 2: In vitro test results

CONCLUSIONS

While no significant difference for measurements of Ag=
using DVRT or OPT was shown, practical issues with
each method were identified. Ideally for strain
measurement in soft tissues, a non-invasive method
will be utilized to preserve the ligament structure.
However this is unsuitable for intra-articular or multi-
layered ligaments. The sensitivity of OPT is dependent
on the chosen gage length. Implantable devices should
be small and compliant enough to avoid abnormal
tissue deformation, and caution used in interpretation
of results from multi-layered ligaments.
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INTRODUCTION

Aponeurotomy is a surgical technique executed to correct
functional problems due to contractures occurring secondary
to spastic paresis. Despite its clinical potential importance, the
mechanical mechanism of this intervention is not clearly
understood. The goal of this study was to investigate this
mechanism using finite element modeling. The specific point
addressed is modeling changes in lengths of sarcomeres within
aponeurotomized muscle due to intramuscular myofascial
force transmission [e.g., 1].

METHODS

Finite element modeling of extensor digitorium longus muscle
of the rat [see 2 for a description of the model] was performed
for two conditions (1) intact and (2) aponeurotomized.

In surgery, aponeurotomy is performed by cutting the
intramuscular aponeurosis transversely to its line of pull. In
the present study, proximal aponeurotomy was modeled by
disconnecting the common nodes of two neighboring
aponeurosis elements located in the middle of the proximal
aponeurosis of the modeled muscle. Earlier experiments on
dissected aponeurotomized rat muscle showed after isometric
lengthening that below the location of the intervention a
progressive tear occurred in the intramuscular connective
tissue in the direction of muscle fibers [3]. As a consequence,
a gap opened between the cut ends of the aponeurosis. Present
modeling of aponeurotomized muscle allows such a gap and a
limited tear.

RESULTS AND DISCUSSION

Major changes in muscle length-active force characteristics
were found (Figure 1) after aponeurotomy (1) both active
slack length (by approximately 1.2 mm) and optimum length
(by 2.0 mm) shifted to higher muscle lengths and the length
range of force exertion increased. (2) Muscle active force
decreased (e.g., optimum force decreased by 21%).

On lengthening after aponeurotomy, two cut ends of the
proximal aponeurosis were separated by a gap and tearing of
intramuscular connective tissue along the fiber interface
caused the muscle to be divided into a proximal and a distal
population of muscle fibers.

Unlike the fairly homogeneous strains in the fiber direction of
the intact muscle (Figure 2a), for the aponeurotomized muscle
myofascial force transmission was shown to lead to a major
strain distribution and thus sarcomere length distributions.
Note the contrasting effects for the two fiber populations
(Figure 2b): (1) In the distal population (fibers with no
myotendinous connection to the muscles’ origin), sarcomeres
were much shorter than the ones of the proximal population
(fibers with intact myotendinous junction at both ends) (2)
From proximal ends of muscle fibers to distal ends, the serial
distribution of sarcomere lengths varied from the lowest length
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Figure 1: The isometric muscle length-force characteristics of
modeled intact and aponeurotomized EDL muscles.

to higher lengths in the distal population and in a reversed
manner in the proximal population. Such distributions of
sarcomere lengths explain the shifts in muscle active slack and
optimum lengths. Muscle force reduction was explained
primarily by the short sarcomeres in the distal population.
However, fiber stress distributions showed that majority of the
sarcomeres (even in the distal fiber population) still contribute
to muscle force: myofascial force transmission prevents them
from shortening to their active slack lengths.
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Figure 2: Distributions of fiber direction strain within
modeled (a) dissected intact and (b) dissected
aponeurotomized EDL muscles at high muscle length.

CONCLUSIONS

We conclude that the mechanism mechanically determining
the effects of aponeurotomy is dominated by myofascial force
transmission. Accounting for the general characteristics of
sarcomere length changes shown in the proximal and distal
populations of muscle fibers may help the surgeon make a
more controlled decision on the location of the intervention.
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INTRODUCTION

When a standing person initiates a step, the center of pressure
(COP) shifts in the medio-lateral (ML) direction towards the
supporting foot and in the anterior-posterior (AP) direction
backwards [1,2]. Apparently, COP cannot be shifted beyond
the available dimensions of the support area. However,
humans can initiate a step forward after balancing for a short
time on a support that is very narrow in the AP direction. One
possibility is that people use horizontal forces to move the
body forward; this would violate the balance and initiate a fall
of the body in the required step direction.

We investigated mechanical and electromyographic (EMG)
events prior to making a step and their changes associated
with changes in the AP dimension of the support area. We
hypothesized that a constraint on possible COP shifts will be
associated with increased changes in the horizontal force and
with changed neural strategies reflected in changes in EMG
signals from the leg muscles.

METHODS

Eight healthy subjects participated in the experiment. A force
platform recorded the reactive forces and moments.
Disposable electrodes were used to record the surface EMG of
the following muscles from both sides of the body: tibialis
anterior (TA), soleus (SOL), rectus femoris (RF), and biceps
femoris (BF), and of the rectus abdominis (RA) and erector
spinae (ES) on the left side of the body.

The subjects stood barefoot on the force plate or on one of two
specially constructed wooden boards with the same horizontal
dimensions as the force plate. One of the boards was fitted
with a narrow beam on the undersurface (3.3 cm wide, 5.3 cm
high). This board was placed over the force plate such that its
narrow dimension was in the AP direction. In other trials, a
similar wooden board was placed on the top ridge of a
triangular metal wedge (4.9 cm in height, 91.4 c¢cm in length).
The wedge was placed on the force plate such that its upper
ridge ran horizontally in the ML direction. The subjects
performed self-paced steps from quiet stance while standing
on either the force plate, or the board fitted with the narrow
beam (“narrow support”), or the board resting on the upper
ridge of the wedge (“ridge support™).

All trials were aligned by the first visible shift of the moment
about the vertical axis (time zero, ty). After alignment, sets of
trials performed by the same subject, with the same leg, in the
same condition were averaged. Changes in the background
EMG were quantified using rectified signals integrated over
100 ms intervals starting 300 ms prior to t, and ending 300 ms
after to. COP shifts and changes in the force in the AP
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direction (Fx) were quantified within the interval {-300 ms;
+300 ms} with respect to t,.

RESULTS

Stepping from the force plate was associated with COP shifts
towards the support foot and backwards and an increase in Fy
acting forward on the subject. Stepping from the “narrow
support” led to smaller AP COP shifts. Stepping from the
“ridge support” was associated with very small COP shift in
AP direction, smaller COP shifts in ML direction, and larger
Fx changes (Fig. 1). There was a general increase in the level
of activation of leg and trunk muscles during stepping from
the “narrow support” and “ridge support”. Such differences in
the activity of ankle extensors were seen in the stepping leg
only at the beginning of the preparation period and in the
supporting leg over the whole time interval of analysis.
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Fig. 1 Shifts of the COP (AP-white bars; ML-grey bars) and
Fx (black bars) averaged across the subjects.
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DISCUSSION AND CONCLUSIONS

Our observations demonstrate the existence of alternative
mechanical strategies that can be used in a task-specific
manner to initiate a step. We suggest a hypothesis that a
subjectively perceived postural instability may prevent the
subjects from using the most common method of step
initiation, namely a COP shift backwards. Then, an alternative
strategy of an increased Fy change is discovered. If this is
correct, training of persons who show an impaired ability to
initiate a step may benefit from providing feedback on the
horizontal force and practicing on a surface with high friction.
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INTRODUCTION

It is well-known that the force that a muscle can develop
during an isometric contraction is influenced by its contractile
history [1]. Active stretch increases the force developed during
a subsequent isometric contraction (‘force enhancement’, FE),
while active shortening decreases subsequent isometric force
(‘force depression’, FD). The mechanisms underlying these
two phenomena are not well understood, although a number of
possibilities have been suggested and the causes of FE and FD
are thought to be different [2]. In order to be able to choose
between proposed mechanisms, it is necessary to have a
detailed knowledge of the characteristics of FE and FD. Here
we determine the relationship between the amount of FE or
FD and the amplitude of stretch or shortening, respectively.
We hypothesised that the nature of this relationship would be
different for FE and FD.

METHODS

The experiments were performed using seven cat soleus
muscles, as described previously [3]. The muscles were
isolated in situ and were activated through electrical
stimulation of the tibial nerve. An isometric force-length
relationship was obtained and optimal length was defined as
the length at which active muscle force was highest.

The isometric force developed at a muscle length 9mm longer
than optimal length was measured following active stretches
of between 3 and 24mm. Total FE was defined as the
difference between the isometric force developed after stretch
and the force during a purely isometric contraction at the same
length. Passive FE [4] was defined as the difference between
passive force following a stretch trial and passive force
following a purely isometric trial at the same length.

The isometric force developed at a muscle length 9mm shorter
than optimal length was measured following shortening
contractions of between 3 and 18mm. FD was defined as the
difference between the isometric force developed after
shortening and the force during a purely isometric contraction
at the same length.

total FE (% isometric force)

0 3 6 9 12 15 18 21 24
stretch amplitude (mm)

Figure 1: Relationship between total force enhancement
(FE) and stretch amplitude in seven cat soleus muscles.
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RESULTS AND DISCUSSION

As hypothesised, FE and FD showed different relationships to
stretch/shortening amplitude. Total FE increased with stretch
amplitude up to approximately 9mm stretch and then levelled
off (Figure 1). Passive force enhancement increased with
stretch amplitude up to approximately 9mm, then decreased.
The relationships of total and passive FE to stretch amplitude
were well-fitted by third order polynomials (R* > 0.96). FD
increased with shortening amplitude without levelling off
(Figure 2). The relationships of FD to shortening amplitude
were well-fitted by second order polynomials (R* > 0.94).
These differences in the behaviour of FE and FD support the
hypothesis that they arise from different causes. Any
mechanism that is proposed to explain FE must be able to
account for the fact that FE increases with stretch only over a
limited range of amplitudes before the effect appears to
become saturated. Further investigation of the passive
component of FE is important for understanding this
behaviour.
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Figure 2: Relationship between force depression (FD) and
shortening amplitude in seven cat soleus muscles.
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INTRODUCTION

Tension in the medial and lateral collateral ligaments is
used to regulate joint tightness during total knee
arthroplasty (TKA). Despite accurate ligamentous
balancing during surgery, many patients experience
restricted range of motion after TKA compared to a
healthy knee joint [1]. The reason is not well understood.
Preoperative range of motion and altered kinematics
such as lack of femoral rollback has been suggested [2].
Our hypothesis was that the medial and lateral
ligamentous structures and the extensor envelope are
tensioned beyond physiological limits after TKA and
prevent further flexion. However, the demands placed
on these passive tissues are unknown. The purpose of
the present study was to investigate the effect on the soft
tissue envelope of TKA implantation.

METHODS

Six fresh cadaver knee joints were tested. A novel
method was developed for assessment of soft tissue
tension in the intact and TKA knee (Fig.1). A stainless
steel rod was inserted in the intra-medullary canal of the
tibia and secured using 3 screws through the tibial shaft.
At the proximal end, the tibial slope was adjustable via a
series of inclined plates connected to the inner rod. A 40
N spring was enclosed in the distal aspect of the device
below the inner rod to maintain tibio-femoral contact.
To insert the device in the knee, 8 mm of bone was
resected beneath the tibial plateau (10 mm below the
proximal surface). The plateau was then screwed to the
bearing surface of the device. Vertical displacement of
the device during motion represented the variation in
tibio-femoral forces generated by the collateral ligaments
and soft-tissue envelope.

Figure 1: Custom device to assess soft tissue tension.

Each knee was mounted in a customized passive motion
rig with the femur secured horizontally. A 40 N spring
sutured to the quadriceps tendon mimicked the effects of
passive muscle tension. Motion was applied in 15 deg
increments from 0 to 150 deg flexion. The procedure
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was repeated after implantation of an LCS rotating
platform TKA prosthesis (De Puy), in which the tibial
trial was screwed to the bearing surface of the device.
Measurements were obtained using the (standard) 7.5
deg tibial slope, and with 0, 5, and 10 deg slopes.

RESULTS AND DISCUSSION

The device position at 45 deg flexion was selected as the
zero reference point as minimal tissue tension was
expected in mid-flexion. Fig.2 illustrates the
displacement of the tibial plateau by soft tissue tension
in the natural and TKA knee relative to this point. In
both cases, the joint becomes looser (displacement
approaches zero) between 0-45 deg. This is markedly
more so after TKA. In the intact knee, the joint remains
within 1 mm of the zero position until 135 deg and
within 2 mm throughout the full range of motion. After
TKA, greater soft tissue tension in flexion was indicated
by a mean 6 mm displacement at 150 deg. Changing the
slope of the tibial plateau did not approach the behaviour
of the intact knee.
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Figure 2: Example of tibial plateau displacement.

CONCLUSIONS

TKA prosthesis implantation imposes additional
demands on passive soft tissues beyond 110 degrees and
particularly at the extremes of range of motion. This
explains the extension deficits and lack of flexion in
many knee joints after TKA, and has implications for
prosthesis design and implantation technique.
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INTRODUCTION

The Royal Marine (RM) Commando training course is
believed to be the longest basic infantry training course in the
world. Tibial stress fracture is one of the most common
injuries in this population [1]. Lower limb structure, joint
range-of-movement, gait kinematics and kinetics have all been
associated with this injury in different populations, however
conclusions are ambiguous. The intensity, frequency and
duration of the physical stress experienced during RM training
may exacerbate potential risk factors not identified in other
populations.  The aim of this study was to identify
biomechanical differences between RM Commando recruits
with, and without tibial stress fracture history.

METHODS

Twenty RM recruits; ten with tibial stress fracture history and
ten controls participated in the study. All recruits had failed to
complete the full 30-week commando training course due to
injury or illness. Recruits were passed fit to return to training
at the time of assessment. Measures of lower limb structure
and range-of-movement were taken by a state registered
podiatrist. Barefoot and shod running gait kinematics (120Hz;
Peak Performance Technologies Inc., CO), and ground
reaction forces (960Hz; AMTI, MA) were collected.
Coordinate data were reconstructed using the procedures of
Cole et al [2]. Movement data were referenced to a standing
neutral trial.

All data were analyzed using the Wilcoxon signed rank test
for matched pairs (P < 0.05). Twelve tibia with stress fracture
history were identified in the injury group, each of these limbs
were paired with a limb from the control group. Recruits were
matched for the number of weeks of the full training course
they completed prior to injury or illness.

Table 1: Selected measures of lower limb structure, barefoot
(BG) and shod (SG) running gait (mean + SD; * p<0.05).

Tibial stress Controls
fracture
Medial hip 26.6 5.5 32.1+10.1%*
rotation (deg)
GRF impact BG 0.012+0.004 0.017 +0.007*
peak time (sec) SG  0.028 £0.005  0.026 = 0.005
Peak subtalar BG 55+33 4.6+4.7
eversion (deg) SG 6.0+£3.5 73+3.5
RESULTS AND DISCUSSION

The reduced passive medial rotation of the hip (p<0.05; Table
1) observed in the stress fracture group is suggestive of greater
hip retroversion, this is consistent with previous findings [3].
Hip retroversion is believed to result in limited subtalar
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Figure 1: Individual (subject paired) GRF impact peaks.

pronation during gait [4], however this is not supported by the
running gait data. During standing hip retroversion results in a
supinated foot [4]. This may have masked differences in gait
kinematics between the experimental groups because of the
defined neutral position employed.

The vertical ground reaction force (GRF) impact peak
occurred significantly earlier in the tibial stress fracture group
during barefoot running (p<0.05; Table 1), but not during shod
running (p>0.05). Large variation in measured variables
within the study groups contributed to no other significant
differences between the groups. Figure 1 illustrates the
variation observed in barefoot impact peak values, this is
typical of many of the other variables measured. Evidently no
cut-off point can be identified between individuals at high and
low risk of tibial stress fracture.

CONCLUSIONS

Limited medial rotation of the hip is associated with tibial
stress fracture injury. This may be related to increased
retroversion of the hip and subsequent implications upon gait.
The vertical GRF impact peak time may also be important in
tibial stress fracture development, however findings were not
consistent between barefoot and shod conditions.
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INTRODUCTION

For Royal Marines in training, the third metatarsal is the most
common site for stress fracture occurrence [1]. Previous
evidence regarding factors contributing to stress fracture
development is conflicting [2,3], possibly due to the lack of
differentiation between stress fracture sites. It has recently
been demonstrated that the third metatarsal is less able to
withstand horizontal than vertical loads [4], suggesting
horizontal loading may be important in development of this
injury. The present study compares static anatomical and
dynamic biomechanical variables for Royal Marine recruits
with and without a history of third metatarsal stress fracture.

METHODS

Ten Royal Marine recruits with a history of third metatarsal
stress fracture were matched with control subjects with no
previous stress fracture. Selected static variables, including
subtalar neutral position, ankle dorsi-flexion and forefoot
varus, were measured to describe the anatomy of the lower
limb. Each subject also performed running trials in the
laboratory wearing military boots.  Synchronized ground
reaction force and kinematic were collected for 10 trials for
both sides of the body. Force plate data were collected at 960
Hz using an AMTI force plate (AMTI, Massachusetts, USA),
and three-dimensional kinematic data at 120 Hz using a Peak
realtime system (Peak Technologies, USA). For each running
trial, peak ankle dorsi-flexion, rearfoot eversion and knee
flexion were identified. Horizontal ground reaction force
(GRF) was characterized using the peak resultant horizontal
force magnitude (contributed to by the anterior/posterior and
medial/lateral force components) and the angle of application
of this force during braking and propulsion. Application angle
was defined as the angle of the resultant horizontal force
relative to the sagittal plane, with a negative angle indicating a
medially applied force. A matched-pairs Wilcoxon test was
used to detect significant differences between the study
groups, using data for the stress fracture side for the injury
subjects and the same side for each matched control (p<0.05).

RESULTS AND DISCUSSION
No significant differences in static anatomical variables were
identified between study groups (p>0.05). Both static and

dynamic ankle dorsi-flexion were lower for the stress fracture
group (Table 1), but differences were not significant. During
running, rearfoot eversion was found to occur significantly
earlier for the stress fracture group than for the matched
controls (p<0.05, Table 1), suggesting an increased time spent
loading the forefoot. No significant differences were
identified in peak magnitude of horizontal braking or
propulsive force, but the peak horizontal braking force was
directed significantly more medially for the stress fracture
group (p<0.05, Table 1). This suggests a difference in
horizontal loading of the foot at this time. Since the third
metatarsal is more vulnerable under horizontal than vertical
loading [4], this may have implications regarding the
mechanism of this injury.

CONCLUSIONS

The measurement of dynamic biomechanical data has
highlighted variables associated with third metatarsal stress
fracture, indicating the importance of dynamic measurements
when investigating risk factors for this injury. The earlier
peak eversion, together with the difference in horizontal
loading direction during the braking phase, suggest a
difference in loading of foot structures that may contribute to
this stress fracture development and thus warrants more
detailed investigation.
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Table 1: Static variables, dynamic kinematics and GRF data for stress fracture and control subjects (mean SD, *p<0.05).

Static variables Dynamic kinematic variables Dynamic GRF variables
Subtalar Forefoot Ankle Peak Peak ankle Angle of Angle of
neutral varus (°) dorsi- eversion (°) eversion dorsi- braking propulsive
(©) flexion (°) time (%) flexion (°) force (°) force (°)
Stress fracture  49+2.7 55+6.1 64+29 7.7+4.1 39.7%£6.5 148+32 -13.1*£63 -44+70
Controls 42+4.1 3.1£7.1 7.6 3.0 7.7£2.5 45.6+7.1 16.4+3.2 -6.4+6.7 -7.4+£8.2
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INTRODUCTION

Aerodynamic studies are usually accomplished in the wind
tunnels. In the cycling, variables as aerodynamics drag
coefficient, surface of the object, front area, were found in the
literature [2,3,4,5] and are necessary for the calculations about
aerodynamic of the cyclist and/or equipments. Limitations
related to this calculation are found. For example, the front
area has been considered as constant, and relative at 18% of
the total corporal surface obtained by prediction equations [1].
The aim of this study was to propose a method to calculate the
cyclist front area through tools of images processing, with the
development of a computer application, searching to provide
results that can be used in the analysis of aerodynamics in
cycling.

METHODS

The first step in the development of the computer application
is to determine how to obtain the necessary information. For
the development of the computer application the IDL 6.0
(Research Systems Inc.) was used, allowing the work with
different forms of data, through computational mathematics.
One of the causes of the choice of the IDL was his
characteristic multi-platform, facilitating its use in many
operating systems. To compile the computer application is
only necessary the installation of an IDL Virtual Machine
(Virtual IDL Machine — freeware - www.rsinc.com), don’t
depending of the installation or acquisition of software. Inside
of the possibilities of images processing, the second step went
verify which would bring a better result. Thus, the computer
application was developed based in the image segmentation,
with the Roberts operators, the oldest and simple algorithm of
detection of borders, using a matrix 2x2 to find the changes in
the directions x and y through the Roberts mask (Figure 1).
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Figure 1: Roberts mask

With the mask, if the calculated magnitude is larger than the
smallest entrance value (defined in agreement with the nature
and quality of the image processed), the pixel is considered, or
not, be part of a border. The small size of the mask for the
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operator of Roberts is easy to implement, and also fast to
calculate. The analyses are very sensitive to the image noise.
After image segmentation, a method for the calculation of the
area is necessary, because the image didn't possess defined
dimensions. The third step involved the use of an object of
well-known dimensions, photographed with the cyclist, and
that supplied parameters for the space calibration in meters.

RESULTS AND DISCUSSION

The tests were accomplished with digital pictures obtained
with photographic camera Nikon Coolpix 885 and the
computer application presents the necessary characteristics to
the front area analysis, with easy use. Using the commands
options in the graphic interface of the computer application,
the user follows the necessary steps for the analysis. After, the
results with image information could be record in a text file
for posterior analysis.

CONCLUSIONS

In summary, the computer application has success in the front
area calculation and showed an applicable methodology to the
cycling, many influenced and dependent of the aerodynamics,
as the cyclist body position and equipments or accessories.
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INTRODUCTION

The Aero Jump is a gym modality with aerobics
characteristics, realized with movements and jumps above a
little trampoline (figure 1).

Figure 1: Little trampoline of Aero Jump

The quantitative description of biomechanical aspects of the
human movement is related to the forces that cause the
observed movement, as the repercussions in the analyzed
phenomenon [2]. The ground reaction forces investigation and
the distribution of dynamic pressure in the foot surface,
provide important knowledge about the characteristics of the
mechanical overload on the human body, in static and sporting
situations [1]. The popularizing of the physical activity,
besides the benefits for the promotion and maintenance of the
health can cause a consequence: injuries [3]. The purpose of
this study was to describe the distribution of dynamic pressure
during five movements of Aero Jump accomplished in
different cadences: 132 bpm (beats per minute) and 145 bpm.

METHODS

The sample was composed by three female (age between 18
and 23 years old, average height of 1.69 m and average weight
of 602.66 N), with experience in the Aero Jump. The
acquisition data was realized by F-Scan version 3.821
(Tekscan, Inc.) and little trampoline Physicus® (Physicus,
BRA), with dimensions of 20cm (height) and 96 cm
(diameter), supporting until 1500 N. The acquisition frequency
selected was 120 Hz, during five seconds to each trial. The
Table 1: Peak pressure (g/cm?) in different cadences.

selected movement was: basic, double punchinello, simple
punchinello, double twist and simple twist. Each subject
repeats three times the movements, in each cadence
investigated. The all intervals of support were included in the
descriptive statistical analysis.

RESULTS AND DISCUSSION

According to table 1, the pressures in the right foot were larger
than in the left foot in all movements and in both cadences,
varying from 12.7% for the movement simple twist until
43.9% for the movement double punchinello, both in the
cadence of 145 bpm. In the movements basic, double
punchinello and simple punchinello, the larger pressures was
observed in the cadence of 145 bpm. For the double twist and
simple twist the larger pressure was observed in the cadence of
132 bpm.

CONCLUSIONS

The results suggest that when cadence increases an increase in
the pressure was observed for movements basic, double
punchinello and simple punchinello. For movements double
twist and simple twist was observed a decrease in pressure
according to cadence increased. In summary, the movements
of Aero Jump realized in elevated cadences don’t have a linear
relationship with the increase in the pressure.
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Cadence 132 bpm

Cadence 145 bpm

Movement Right foot Left foot Right foot Left foot
Basic 2583.4 2221.31 2984.48 1864.26
Double punchinello 2590.08 1961.9 2930.22 1642.88
Simple punchinello 2311.27 1712.61 2962.57 1708.6

Double twist 2373.95 1756.58 2082.67 1728.47
Simple twist 2594.67 1911.07 2157.9 1884.65
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INTRODUCTION

Tumors that affect the distal femur and/or the proximal tibia
require a resection of the knee joint, which may be
reconstructed with modular prostheses. It is reported that
current treatment achieves long-term, disease-free survival
rates around 60% [1, 2]. Until now, patient activity after tumor
prostheses was assessed with questionnaires which do not
provide objective and quantitative information about patients’
activity in daily living. Thus, the present study assessed the
activity patterns of patients with portable measurement
devices. Furthermore, the relationship between clinical gait
parameters and activities of daily living is unclear.

METHODS

From a larger sample of patients with successful prosthetic
treatment, a subgroup of 22 subjects (14 male, 8 female)
volunteered. Their mean age was 35+18 years, the follow-up
ranged from 2 to 17 years (mean 6+4 yrs.). The tumor was
located in the distal femur (n=18) or the proximal tibia (n=4).
Clinical outcome was assessed with MSTS and TESS score.
Two measurement devices were applied: The Dynaport®
ADL monitor (McRoberts, Den Haag, NL) uses three uniaxial
accelerometric sensors and is able to distinguish between
different modes of activity, i.e. lying, sitting, standing,
walking and cycling. The system is worn around the waist, the
third sensor in a strap around the left thigh. The second system
is the SAM® Step Activity Monitor (Cyma Inc., Seattle, OR),
a 2-dimensional accelerometer that counts and stores steps for
several weeks in daily profiles.

The patients were instructed how to handle the devices before
taking them home, older patients were visited at home. On the
first measurement day, both devices were worn
simultaneously from getting up until going to bed. The
following six days, the SAM was worn alone.

Data of a clinical gait analysis was available for 14 subjects.
In these cases, relations between the number of steps (SAM),
activity categories (ADL-Monitor) and main gait parameters
(e.g. gait speed, maximum knee flexion) were analyzed.

RESULTS AND DISCUSSION

Three ADL-Monitor measurements had to be excluded due to
a handling error. The predominant activity “sitting” accounted
for 53.7 £ 15.4% of the total time, followed by standing (27.4
+ 15.6%), locomotion (9.7 £ 5.4%) and lying (8.2 £ 6.3). Only
0.2% of the data could not be classified.

The SAM counted an average of 4786 + 1770 (Min: 2045,
Max: 8135) gait cycles per day which extrapolates to 1.75
million gait cycles per year. These numbers of gait cycles
were similar to hip and knee patients assessed in a different
study using identical methods, but were slightly lower
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compared to a group of patients with well functioning hip
arthroplasty [3].

Regarding the distribution of daily activities, the activity level
of the selected patients was similar to patients with limb
salvage surgery and superior to an amputation group reported
from the Netherlands [4].

No correlation was found between the number of gait cycles
and the clinical scores, age or follow-up of the subjects,
whereas the clinical scores (MSTS: 24.7 + 3.8 out of 30,
TESS: 83.6 = 15.3 out of 100) were nearly identical to tumor
patients assessed by Brown in 2002 [2].

If the right knee was affected, the number of steps correlated
inversely to the right step length (r=-0.78, p=0.7). This trend
was not seen if the left knee was affected and related to the
step length of the left leg.

Average distribution of ADL [%]

@ Locomotion
B Standing

O Sitting

O Lying

B Undefined

Fig. 1: Average distribution of activities of daily living (ADL-
Monitor, n=19)

CONCLUSIONS

Overall, the patients showed a fairly good activity level,
whereas strong inter-individual differences were detected,
given that the most active subject performed the fourfold
number of gait cycles compared to the least active subject. The
weak correlations between the clinical gait parameters and the
activity level suggest that an estimation of patients” activity
from clinical gait parameters is not solid. Instead, objective
devices should be used for a reliable assessment of patients”
activities of daily living.
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INTRODUCTION

With modern technology, it is possible to assess and analyze
human activities precisely in laboratory settings. However,
there is an increasing demand to acquire information about
physical activities of subjects under free-living conditions.
Spatio-temporal gait parameters can be assessed based on a
three-dimensional accelerometer attached to the lower trunk
[1]. Until quite recently the measurement systems that are
needed for obtaining these acceleration signals were rather
bulky and heavy. Recently, the DynaPort MiniMod
(McRoberts B.V., The Netherlands) was developed. This
miniature device includes three orthogonally mounted
accelerometers and it can be used for monitoring human
posture and gait parameters. In order to become a useful tool
for the assessment of daily activities and gait parameters of
children, the system ought to be able to discriminate single
steps and to determine the walking distance from the
acceleration signals.

METHODS

Group 1: 20 healthy children (aged 3 to 16 years) walked four
times 40 meters for the detection of steps in an indoor
environment, with no obstacles nearby, at the University
Hospital of Muenster. An additional distance, blinded for the
analyzer of the data, was walked for detection of walking
distance.

Group 2: 20 CP children (aged 5 to 17 years) from the out-
patient clinic of the Orthopedic Department walked twice a
distance of 20 meters for the detection of steps on a floor in
the hospital. Like in group 1, an additional distance was
walked for detection of walking distance. The degree of
limitations caused by CP was assessed using a self-made
classification scale.

Both groups were videotaped for counting steps and distance.
Accelerometer signals of the lower back were measured by the
MiniMod, a small and lightweight device (5.6 x 6.1 x 1.5 cm,
54g, 100 Hz) and stored on a SD card. The device was firmly
fixed to the lower lumbar spine at the level of the second
sacral vertebrae with double-sided adhesive tape to avoid
movement artifacts. The data sets were send to McRoberts for
analysis [2] and compared to the results taken from the video.

RESULTS AND DISCUSSION

Group 1: On average, the healthy children needed 273.7 steps
(MIN: 207, MAX: 377) on the 160m tracks for step detection,
as counted from the video. The software detected 273.5 steps
on average (99.97%, range: 98.5 — 101.5%) regarding the total
number of steps. If each misclassified step is counted as an
error, regardless if under- or overestimated, the accuracy is
99.6%. The automatically computed walking distance revealed
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100.6% of the actually walked distance. The correlation
between the medio-lateral displacement of the COM and the
age of the subjects was significant (r = -0.63, p < 0.01).

MiniMod
MiniMod

Video Video

Figure. 1: Steps calculated from the MiniMod compared to
the counting from the video for healthy (left) and CP
(right) children.

Group 2: One track of one child had to be excluded because of
a handling error. On average, the CP children needed 79.8
steps (MIN: 57, MAX: 126) on the 40m tracks for step
detection, as counted from the video. The software detected
789 steps on average (98.9%, range: 94.1 - 101.8%)
regarding the total number of steps. If each misclassified step
is counted as an error, the accuracy is 98.7%. The computed
distance revealed 101% of the actually walked distance.

The DynaPort MiniMod allows for an accurate assessment of
important spatio-temporal walking parameters. Due to its
small size and the placement on the back, it does not interfere
with most activities and it is comfortable to wear. The
opportunity to estimate the medio-lateral displacement of the
COM with the MiniMod offers a new tool to analyze the
variation of gait within non-laboratory environments.

In healthy children, the displacement decreases with age,
whereas this trend does not exist in CP children. Provided that
our scale truly reflects the degree of CP, there is no
association between the degree of CP and the variation of gait
represented by the SDCOM. In both groups, the error of the
calculated walking distance was negligible.

Further research will be performed to validate the DynaPort
MiniMod for other groups (e.g. children with walking
impairments, various adult patient populations) and to enhance
the outcome of the device in order to monitor daily activities
(e.g. the percentage of standing, sitting, walking).
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INTRODUCTION

The need to identify functional impairment following a brain
injury is critical to prevent re-injury during the period of
recovery. Research to date has focused on neuropsychological
tests and static postural control during quiet standing. Little is
known about the effect of concussion on dynamic motor
function [1,2,3]. A recent study suggested that the ability to
control and maintain stability in the frontal plane during
walking is diminished in young individuals following a
concussion while walking under a divided attention [4].
However, this study did not resolve the issue of how long this
pattern continues. Therefore, the purpose of this study was to
perform a longitudinal quantification of deficits in
maintenance of dynamic stability during gait of individuals
following concussion.

METHODS

Fifteen college-age subjects with Grade 2 concussions
(CONC) and 15 uninjured controls (NORM) were observed
while walking under two conditions: 1) undivided attention
(single-task) and 2) while simultaneously completing simple
mental tasks (dual-task). Testing began within 48 hours of
injury (day 2) and repeated at 5, 14, and 28 days post injury.
NORMs were evaluated at the same intervals.

Whole-body motion data were collected using a six-camera
motion analysis system and two force plates. A 13-link
biomechanical model was utilized to compute whole body
center of mass (COM). Center of pressure (COP) was
computed with ground reaction forces. In addition to temporal
distance gait parameters, anterior and medial-lateral COM
motion (APROM, MLROM), peak anterior velocity of the
COM (ANTVEL), and the maximum separation between the
COM and COP (APMAX) were used to examine dynamic
stability. Three-way repeated-measures mixed design
ANOVA and Tukey post hoc tests were completed to
determine differences between group, task, and testing day.

RESULTS AND DISCUSSION

Group by day as well as task by day interactions were found
for gait velocity and stride length. Gait velocity was
significantly decreased for the CONCs on the dual-task
compared to single-task for all days while NORMs were only
significantly decreased on the dual-task for days 2 and 5. The
CONCs’ stride length was significantly decreased compared to
the NORMSs on both tasks on days 2 and 14. In addition, the
stride length on the dual-task was significantly smaller than
the single-task for the CONCs on days 2 and 5. Significant
group by day interactions were found for MLROM and
APMAX. A significant task by day interaction was found for
APROM and ANTVEL. Follow-up analyses revealed medial
lateral COM sway was significantly increased for days 2, 5,
and 28 for CONCs compared to NORMs on the dual-task
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Figure 1: Medial-lateral range of motion of the COM

(Figure 1). One possible explanation may be that when
required to divert their attention to a concurrent task, the
CONCs could not adequately adjust to the challenge and
therefore sway more, compromising their stability. By the last
testing the CONCs have returned to play and this increase in
activity is likely the cause of the decrease in performance seen
on day 28. The CONCs displayed decreased APMAX at days
2, 14, and 28 compared to the NORMs. For CONCs under the
dual-task condition, APROM was significantly decreased on
days 2 and 5 and ANTVEL was significantly decreased on all
4 days.

CONCLUSIONS

Concussed individuals continue to display significant
differences in anterior velocity and COM movement when
compared to uninjured controls up to four weeks after injury.
The demands of performing a dynamic motor task combined
with a mental activity that divides attention may effectively
approximate the demands of an athlete in competition.
However, if the concussed individuals have difficulty
maintaining stability in a controlled environment they may
well have difficulty adjusting to the multiple input
environment of the athletic arena. The findings of this study
demonstrate that concussion has an observable and measurable
effect on the body’s ability to maintain and control dynamic
stability for up to four weeks after injury.
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INTRODUCTION

Therapeutic footwear is prescribed to not only control
excessive rearfoot motion by aligning tibia and calcaneus, but
also retain the medial longitudinal arch (MLA) functions to
appropriately attenuate shock and accommodate uneven
surface while walking. Changes in the MLA height during
midstance have been found to be positively correlated with
calcaneal eversion [1]. Excessive calcaneal eversion could be
successfully limited by therapeutic footwear [2]. However,
small and unsystematic changes of the rearfoot motion [3] and
inconsistent peak calcaneal eversion control [4] were found
during running with inserted orthoses in shoes. These
inconclusive findings may suggest constrained MLA height
changes due to the inserted orthoses could affect the calcaneal
motion during walking. Therefore, the purpose of this study
was to determine effects of impeded MLA height on the
calcaneal motion and on 3D ankle joint force (AJRF) in
healthy young adults during walking.

METHODS

Fourteen adults (mean age: 25.3+4.7 years, body mass:
71.319.8 kg) were tested after being examined by a podiatrist
who ruled out any foot-related pathologies. A six-camera
motion analysis system (Motion Analysis Corp., Santa Rosa,
CA) was used to collect eleven skin based reflective markers
placed on left shank/foot during quiet stance and while walking
with self selected pace in barefoot (BF) then two types
customized arch supports: one deformable (AS1) and one rigid
(AS2). Arch supports were directly attached to the plantar
surface of the feet using double sided adhesive tapes. Heel cup
of the arch support was removed to eliminate any effects on
rearfoot motion. KinTrak 6.2 software (Motion Analysis
Corp., Santa Rosa, CA) was used to analyze the motion data
and 3D AJRF. The MLA height was defined as the
perpendicular distance from the navicular marker to the line
connected between distal calcaneal and 1st metatarsal head
markers. The dynamic change of the MLA height was
calculated as differences in heights between walking and
standing for each testing condition (BF, AS1 & AS2,
respectively). Subject means of MLA height changes were
calculated over the stance period. The peak calcaneal eversion
(CE) and peak AJRF across subjects were also calculated.
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Planned contrasts with one way within-subjects ANOVA
(SPSS 10.1) was performed to detect arch constrained effect
(AS1 and AS2) on changes of the MLA height, peak CEV and
peak AJRF, p < .05.

RESULTS AND DISCUS SION

Average walking speeds (M =1.31£ 0.02 m/s) were found to
be consistent across all subjects and among three testing
conditions. Mean MLA height changes across stance periods
in AS conditions (AS1 M = 0.9340.33 mm; AS2 M =
0.36+0.47 mm) were found to be significantly less than that in
BF condition (M = 1.91+£0.18 mm). Significant differences in
the peak CE were found between BF (M = 1.51£1.93°) and
AS2 condition (AS2 M = 2.59+1.85°, p = .03). Significant
arch support effects were found in vertical AJRF () at the 1%
peak (p1T) and trough (t1l) as well as in the AP AJRF at
trough 1 (t1T). Impeded changes of arch height resulted in an
increased peak calcaneal eversion and a corresponding
increased vertical AJRF during early midstance (Figure 1a and
1b).

SUMMARY

When the MLA vertical motion was impeded, the increased
calcaneal eversion might be a compromise for the lack of arch
height changes , meanwhile, limiting the arch function in shock
absorbing. When therapeutic footwear is designed to control
rearfoot motion, its possible effects on the midfoot MLA
motion should be considered.
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each testing condition (BF/AS1/AS2). TD (1% toe down), HO (heel off). * p <.05:T: AJRF increased with rigidity of the arch supports.



ISB XXth Congress - ASB 29th Annual Meeting
July 31 - August 5, Cleveland, Ohio

STABLE LOCOMOTION OF FEEDFORWARD CONTROLLED ONE-LEGGED ROBOT

! Juergen Rummel, ' Andre Seyfarth and "> Fumiya lida
'Locomotion Lab, Institute of Sport Science, Friedrich-Schiller University Jena, Dornburger Str. 23, D-07743 Jena, Germany,
*Artificial Intelligence Laboratory, Department of Information Technology, University of Zurich, Andreasstrasse 15,
CH-8050, Zurich, Switzerland; email: juergen.rummel@uni-jena.de, web: www.lauflabor.de

INTRODUCTION

An accepted model for understanding the dynamics of legged
locomotion is the simple spring-mass model introduced by
Blickhan [1] and further researched by Seyfarth, et. al. [3]. In
reality, however, humans and animals use segmented legs for
locomtion instead of simple springs. The combination of both
in a motor-driven mechanical application should therefore be
more biologically inspired. The aim of this study was to
investigate, wether an actuated mechanical system allows
stable locomotion without sensory feedback.

METHODS

The mechanical application used in this investigation is a one-
legged robot with two segments. The robot body is 150 mm in
length, 50 mm in width and 155 mm in height. One motor at
the hip actuates a connected thigh segment, that is elastically
joined with a shank segment. Two elements of rubber serve as
dampers when hitting the ground.

According to Raibert [2], a retaining mechanism constrains
motion leaving just two degrees of freedom (vertical and
horizontal direction). Rotation about the pitch axis is disabled.
Therefore, other stabilizing the robot body is not required.

The hip actuator is realized by a position controlled motor.
Here, we used a simple sine oscillation as position signal as
follows:

P(t)y=a-sin2x- f-t)+a, €))
Frequency f'and bias angle a, are independent parameters and
were varied in experiments (f = 1.5...8 Hz and oy -
-25...+25 deg) . The amplitude a depends on frequency. This
control strategy did not need global sensory feedback.

During experiments, the robot moved in a circle on a wooden
plate for 30 seconds for every parameter set and were repeated
3 times. For kinematic analysis of robot movement we
attached reflective markers. A high-speed (240 Hz) motion
capture system measured and tracked 3D-trajectories of the
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Figure 1: Horizontal speed of robot. Gray layered area
shows, where two points touches the ground.

markers. The Trajectories were split into cycles defined by
motor oscillation. For every parameter set, 120 movement
cycles were randomly selected for analysis.

The stability of resultant locomotion will be described as equal
patterns in horizontal direction whereas standard deviation is
used as an opposing reference number in this study.

RESULTS AND DISCUSSION

As shown in figure 1, there are two significant regions with a
mean speed of 0.3 m/s in positive horizontal direction. For
frequencies between 4 and 6 Hz and bias angles with a range
of 0 to 20 deg the robot has a local maximum in speed by
using mostly one support point. More important is, that this
gait describes a local minimum in variability of speed as
shown in figure 2. In the range of the second maximum
(f=2...5 Hz, ay<0 deg), the robot uses two point contacts.
There, horizontal velocity increases and causes low variance
in locomotion for a wide area (Fig. 2)

CONCLUSIONS

In this study we observed that feed-forward controlled one-
legged locomotion is possible. In two cases we found stable
ranges with a remarkable speed.
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INTRODUCTION

There is a good deal of published research available on the
mechanics of running regarding leg stiffness and stability [2,
4]. A simple spring-mass model for running had been
proposed [1, 5], which provides a basis for further
investigations. The work of Seyfarth et al. (2002) exposes
spring-like leg operation, minimum running speed, and
adjusted leg stiffness and angle of attack as prominent
requirements of mechanically self-stabilized running. For
walking, however, it seems to be a much greater challenge
when attempting to propose respective simple templates. This
study targets the leg stiffness, to determine whether running
and walking patterns are stable. Aims of this study therefore
were a) calculating the correlation coefficients of leg stiffness
in running and walking, and b) comparing leg stiffness of both
gaits. We hypothesized that vertical ground reaction forces
(GRFs) and displacement of the center of mass (CoM) would
correlate significantly in a positive linear way for running as
well as for walking. We also hypothesized no significant intra-
or inter-individual differences for leg stiffness.

METHODS

9 healthy subjects (4 women and 5 men) were randomly
selected from an athletic population. Subjects had a number of
reflective markers placed over anatomical landmarks to
calculate positions of body segments. Ground reaction forces
(GRFs) during running and walking were measured on a
special split-belt treadmill, where each belt covered a Kistler
force plate (2000Hz). 3D coordinates of the reflective markers
were recorded simultaneously via six high-speed (150Hz)
video cameras (Qualisys). Subjects were required to perform
13 gait transitions (6 x walking, 6x running) at their individual
transition speeds, determined in a pretest. Time of transition
was signalized by an acoustical signal occurring every 10
seconds. Raw force plate data was processed using custom
software (Matlab, Mathworks Inc.). For each stance phase
(heel-strike to toe-off), the vertical CoM displacement was
calculated by numerically integrating the vertical force. Total
vertical GRF (right GRF + left GRF) was then plotted over
CoM displacement for each stance phase in running and
walking to represent leg stiffness. Correlation coefficients
between vertical GRF and CoM displacement and regression
lines were calculated on individual stance phase data. A
simple analysis of variance (ANOVA) was conducted to
determine for significant differences within and between
subjects. Both, walking and running were analyzed.

RESULTS AND DISCUSSION

High correlation coefficients of over 0.95 were observed for
all data. The results also showed that neither intra-individual
nor inter-individual stance phase data did differ statistically
with p values being near zero (Figure 1).

Given the fact that stance phase data of both, running and
walking, was collected at the same forward speed, it is well
justified to compare leg stiffness across both gaits. Two main
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observations emerged from our comparisons: the vertical
stiffness of the leg can be considered as a linear spring not
only for running but also for walking. While not exactly the
same regressions, there is still a close proximity of the spring-
like leg behaviors apparent. The observed smaller vertical
excursions of the CoM in walking correspond to the absence
of flight phases, where instead single support occurs as
opposed to double support.
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Figure 1 Mean vertical GRFs and CoM displacement data

shown as scatter plot and regression line representing leg
stiffness in walking (left) and running (right).

CONCLUSION

Mathematical models have already been successfully applied
to describe experimentally observed GRFs for running [3, 6].
Further research is currently done to extend these models by a
second spring-like leg.
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INTRODUCTION

Inverted pendulums have been used to model locomotion
[1,2]. Furthermore, the organization of the dynamic resources
available in the neuromuscular system determines the behavior
of the inverted pendulum system. These resources can be
categorized as the ability of the muscles to produce functional
joint torques, passive and active characteristics of the muscles
and tendons, and the exchange of potential and kinetic energy
[1,2]. An escapement-driven inverted pendulum model has
been used successfully to explain how pathological
populations (i.e. Cerebral Palsy) utilize these dynamic
resources (Figure 1) [1,2].

Parkinson’s disease (PD) is a disorder of the basal ganglia that
results in a loss of normal motor function [3]. PD patients
have irregular stepping patterns and altered lower limb
coordination [3]. These movement deficiencies may be related
to the inability of PD patients to effectively utilize the
available dynamic resources for functional gait. Here we use
an escapement-driven inverted pendulum model to reveal how
PD patients use the stiffness and dampening resources to
control gait.

METHODS

Three-dimensional kinematics of the lower extremity were
collected as five subjects with idiopathic PD (Age = 64 + 7.0
yrs) and five healthy controls (66 + 7.7 yrs) walked on a
treadmill at the self-selected pace. All PD subjects were off
dopamine treatment and had a Unified PD Rating Scale in the
53" percentile. Equation 1 represents the dynamics of the
escapement-driven inverted pendulum model used in this
investigation (Figure 1).

ML?6 =FL + MLgb — kb*0—cb & Equation 1.
where M is the mass of the body, 0 is leg angle, L is the
distance from the axis of rotation to the center of mass of the
physical pendulum, F is the active muscle force from the
opposite leg, k is the stiffness, b is the distance of the spring
from the axis of rotation, g is gravity, c is the dampening, and

6 and @ represent the angular derivatives of the inverted
pendulum. Anthropometric measurements were utilized to fit
subject’s physical characteristics to the model [1,2]. The
period of the leg pendulum was computed under the
assumption that the time from the start of the stance phase to
maxium angular displacement of the leg pendulum represented
half of the natural period (7). The stiffness and dampening of
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Figure 1. The escapement-driven inverted pendulum model.

the model was calculated from Equation 2 and 3 respectively
[1.2].
b2 ML’

=————+MlILg Equation 2.
(r /27)?

cb?=2%* \/ ML’ (kb* - MLg) Equation 3.

The stiffness and dampening values were normalized by the
subject’s walking speed and MLg in order to control for
differences in walking speeds and anthropometrics between
the two groups [1,2].

RESULTS AND DISCUSSION

PD subjects had significantly less stiffness during locomotion
(Table 1). Stiffness in the model is a result of the elastic
tissues and active muscular tension [1,2]. The altered stiffness
may be related to the impaired reflexes and muscular
activation found in PD patients [3]. Stiffness deficiencies may
be related to the irregular stepping patterns and higher
incidence of falls found in PD patients [3]. Future
investigations will investigate if dopamine therapy restores the
use of effective dynamic resource strategies in PD patients.
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Table 1. Means and standard deviations of stiffness and
dampening values. * significant differences between groups at
p <0.05.

Group Stiffness Dampening
PD 7.78 (3.7)* 1.95 (.84)
Control 12.08 (1.6) 2.09 (.56)
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INTRODUCTION

The walk-to-run behavioral transition has been widely
examined in the literature. It has been found that the
preferred transition speed from walk to run is
approximately 2.0 ms” [2]. However, the corresponding
speed for the behavioral transition from run-to-sprint is
unknown. Differences have been reported between run
and sprint [3, 5], but it is not clear if run and sprint are
two different modes of locomotion or if sprint is actually
a fast run [1]. Hreljac et al. [1] found that joint kinetics
increased from run-to-sprint over a continuum; without
any significant change at some discrete speed. However,
they suggested that an analysis of intralimb coordination,
based on the principles of Dynamical Systems Theory
(DST), might be more sensitive in distinguishing a
specific behavioral transition point. In DST, the
interacting components are examined while scaling up a
control parameter that elicits a new pattern of
coordination [4]. The purpose of this study was to
examine the intralimb coordination strategies used during
running at different speeds that range from a jog to a
sprint. By using DST, we investigated the interacting
segments, while scaling up the speed as a control
parameter.

METHODS

Seven male subjects, all of whom exhibited a heel strike
pattern at their preferred running speed, ran at their
preferred speed (0%) and at 15%, 30%, 45%, 60%, 75%,
and 90% greater than this speed, while sagittal plane
kinematics were collected (240 Hz) from the right lower
extremity. To examine segmental interactions, the phase
portraits from segmental angular position and velocities
were used to calculate phase angles [4]. Relative phase
curves were calculated for two segmental relationships
(foot-shank [F-S] and shank-thigh [S-T]) by subtracting
the phase angle of the proximal segment from the distal.

Mean relative phase (MRP) was calculated from the
relative phase curves of each subject and for each
condition. This was done by averaging the absolute values
of all points of the curve for the braking and the
propulsive periods of stance. A single factor repeated
ANOVA was performed on the MRP group means for
each segmental relationship and for each stance period. A
Tukey test was performed in comparisons that resulted in
a significant F-ratio (p<0.05).

RESULTS AND DISCUSSION

Statistical significance for both segmental relationships
was found only during the braking period of the gait cycle
but not for the propulsion period (Table 1). Both MRP F-
S and S-T significantly decreased, indicating a more-in-
phase relationship between the interacting segments as
speed increased. Based on the post-hoc analysis, the 30%
speed condition had the greatest effect. It is possible that
this is the speed that the landing strategy changed from a
heel-strike to a forefoot strike, and may indicate that there
is a specific speed where the runner transitions from run
to sprint.

Our results indicated that increasing the running speed
from a run to a sprint elicited behavioral changes. These
changes occurred during the braking period. The 30%
above the running self-selected speed condition seems to
be a critical speed for the observed changes.
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Table 1: Group means and SDs for the parameters evaluated. Condition numbers underneath the means indicate post-hoc significance.

Variables (deg) Running Speed
0% 15% 30% 45% 60% 75% 90%
MRP F-S Braking 80.7+144 64.1+19.9 53.8+24.1 447+ 15.7 38.8+£24.9 37.3+£132  260x94
30% - 90% 60% - 90% 90%
MRP S-T Braking 68.0+155 5324122 453+16.6 422+11.2 32.8+£19.7 353+£94 254+74
30% - 90% 60% - 90% 90%
MRP F-S Propuls. 53.8+10.0 51.0+4.1 53.0+4.4 51.1£10.6 50.7+£10.6 49642 46.4+4.7
MRP S-T Propuls. 46.6+7.2 444+£58 452+£58 43.9+6.2 43.3+84 43349 41.5+4.2
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INTRODUCTION

In multi-digit grasping, a vector of contact forces and
moments f can be broken into two orthogonal vectors: the
resultant force vector fi (manipulation force) and the vector of
the internal force fi (/= fr + fi) [1]. Internal force is a set of
contact forces which can be applied to an object without
disturbing its equilibrium [2,3]. The elements of the internal
force vector fi cancel each other and, hence, do not contribute
to the manipulation force. The mathematical independence of
the internal and manipulation forces allows for their
independent (decoupled) control. Such a decoupled control is
realized in robotic manipulators [4]. The purposes of this
study are to examine whether in human internal force is
coupled with the manipulation force and what grasping
strategy the performers utilize.

METHODS

The subjects (n=6) were instructed to make cyclic arm
movements with a customized handle. Six combinations of
handle orientation and movement direction were tested. These
involved parallel manipulations: (1) VV task - vertical
orientation & vertical movement and (2) HH task - horizontal
orientation =~ &  horizontal =~ movement, orthogonal
manipulations: (3) VH task - vertical orientation & horizontal
movement and (4) HV task - horizontal orientation & vertical
movement, and diagonal manipulations: (5) DV task -
diagonal orientation & vertical movement and (6) DH task -
diagonal orientation & horizontal movement. Handle weight
(from 3.8 to 13.8 N), and movement frequency (from 1 Hz to
3 Hz) were systematically changed. The analysis was
performed at the thumb-virtual finger level (VF, an imaginary
finger that produces a wrench equal to the sum of wrenches
produced by all the fingers). At this level, the forces of
interest could be reduced to the internal force (the grip force)
and internal moment.

RESULTS AND DISCUSSION

During the parallel manipulations, the internal force was
coupled with the manipulation force and the thumb-VF forces
increased or decreased in phase. During the orthogonal
manipulations, the thumb-VF forces changed out of phase; the
plots of the internal force vs. object acceleration resembled an
inverted V letter (Figure 1). The HV task was the only task
where the relative phase (coupling) between the normal forces
of the thumb and VF depended on oscillation frequency.
During the diagonal manipulations, the coupling was different
in the DV and DH tasks. A novel observation of substantial
internal moments is described: the moments produced by the
normal finger forces were counterbalanced by the moments
produced by the tangential forces such that the resultant
moments were close to zero.
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Figure 1: Internal force and average normal force versus
the handle acceleration (load, 11.3 N; frequency, 3 Hz).

Internal forces do not affect equations of motion [3] and hence
control of manipulation can be broken up into two sub-tasks—
‘holding” and ‘tracking—which can be controlled
independently. Such a control strategy (which is commonly
used in robotic grippers — [4]) simplifies the control. This
strategy requires, however, exerting unnecessarily large forces
and is in this sense uneconomical. This study, however,
suggests that the CNS prefers to face larger computational
costs rather than produce excessive forces. The CNS uses
different patterns of the thumb-VF coordination when the
manipulation force is in a tangential direction as compared
with the manipulation in the normal direction. When the
manipulation force is in a tangential direction, the symmetric
pattern of the thumb-VF coordination is used: The thumb and
VF work in synchrony to grasp the object stronger or weaker.
In contrast, when the manipulation force is in the normal
direction the anti-symmetric force changes are recorded:
When the normal force of either thumb or VF increases, the
force exerted by the opposing digits decreases. It is not clear
to which degree such coordination is a consequence of task
mechanics as compared with the neural control.
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INTRODUCTION

Clinical measures of postural stability have been used to
predict falls in the elderly with variable success. In particular,
several do not predict falls that occur during walking well [1]
and these constitute the majority of falls [2]. This could be
because inherently different control mechanisms are used to
maintain stability during standing and walking [3].

Prior studies comparing postural to locomotor stability [4,5]
used different metrics for the different tasks and used metrics
that were not direct measures of stability itself. We resolved
these problems by using appropriately defined metrics to
define local dynamic stability [6] in the same way for standing
and walking. We hypothesized that standing stability would be
different from walking stability and would not predict walking
stability. We also validated our metrics for standing stability
against traditional center of pressure (COP) measures.

METHODS

20 healthy subjects (age 18-73) performed three 5-min. trials
walking on a motorized treadmill at their preferred speed, and
three 5-min. trials standing eyes open on a force plate. Trunk
motions were recorded using VICON and used to construct a
12-dimensional state space comprised of the 3D linear and
angular trunk positions and velocities. Local dynamic stability
was quantified using these trunk trajectories in the 12-D state
spaces. The mean divergence over time <dj(i)> of locally
perturbed trajectories was calculated to quantify local dynamic
stability [6,7]. Mean divergence curves were parameterized
using a double exponential function (Equation 1):

- -1
<dj(i)>:A—BSeA' —BLe%L (1)
The parameters (4, Bs, 75, B;, and 7;) were averaged over the 3

trials of each task. A repeated measures ANOVA was used to
determine if standing and walking exhibited different stability

o Standing

7 k
p<0.01 o Walking

2 m
] il
0

A Bs Tgx100 BL T
Figure 1: Magnitudes of all mean local divergence curve

parameters except for B, were significantly larger (p <0.01)
during walking than during standing.
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properties. Pearson correlations were used to determine if
standing stability predicted walking stability. Correlations
were also computed between standing stability metrics and
traditional COP measures of standing balance: COP excursion,
mean speed and mean power frequency (MPF).

RESULTS AND DISCUSSION

Local dynamic perturbation responses during standing and
walking exhibited different magnitudes and different time
scales (Figure 1). Furthermore, local stability metrics for
standing were not correlated with those for walking (Figure 2).
These results support the idea that postural and locomotor
stability are indeed governed by different mechanisms.

COP mean speed and MPF were significantly correlated to A
and B, for standing (r* > 47%; p < 0.001). Thus, our local
dynamic stability metrics are consistent with traditional COP
measures for standing balance. None of the COP measures
were correlated to any of the local stability metrics for
walking (r* < 14%; p > 0.12). These findings support the
notion that traditional postural stability measures based on
COP measurements are not predictive of locomotor stability.
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INTRODUCTION

Wedged foot orthotics are widely prescribed to promote the
mechanical alignment of foot joints. However, wedged orthoses
can also affect lower limb proximal joints and axial segment as
an effect of the weight-bearing closed chain. Therefore, the
wedged orthoses prescription should consider the functional
relationship between the foot and proximal segments [,
Conversely, the effect of wedged orthoses on the lower limb
proximal joints and axial segment alignment is still unclear. The
purpose of this study was to assess the effect of different wedge
conditions on angle changes in the subtalar joint, ankle, knee,
hip, pelvis, and upper trunk.

METHODS

Fourteen able-bodied young male participated in this study.
Participants were tested in single-limb stance under five wedge
placements: no wedge (NW); anterior (AW); posterior (PW);
lateral heel (LW); medial heel (MW). A Motion Analysis
System using five cameras with EVaRT software was used to
capture (3 trials of 60s each) joint angle in the trunk and pelvis
in horizontal plane, ankle, knee, hip in sagittal plane, and
subtalar and hip joint in the frontal plane.

RESULTS AND DISCUSSION
Two repeated-factor (wedge by joint) ANOVA revealed main
effect of wedge condition (F,45,=5.76, p=0.002). Protected t test
comparison was conducted on the main effect of wedge
condition to detect the significant difference between no wedge
condition and the wedge conditions.
In horizontal plane, angle changes in the upper trunk were
revealed for all conditions (AW>PW>LW>MW>NW), whereas
in pelvis rotation (Fig. 1) were shown in AW and PW
conditions (AW>PW>NW).

m Pelvis

T AN Py L Tl

Figure 1: RMS value and standard deviation of upper trunk and
pelvis in the horizontal plane across wedge conditions.
*statistical difference compared to NW.

NW (no wedge), AW (Anterior wedge), PW (posterior wedge),
LW (lateral wedge), MW (medial wedge).
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In the sagittal plane (Fig. 2), ankle joint was affected by all
wedge conditions (AW>PW>LW>MW>NW). Angle changes
in the hip joint was shown in MW, LW and PW conditions
(PW>MW>LW>NW) while knee joint revealed in LW
(LW>NW) only.
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Figure 2: RMS value and standard deviation of hip, knee and
ankle joints in the sagittal plane across conditions. *statistical
difference compared to NW.

In the frontal plane (Fig. 3), the subtalar joint consistently
exhibited angle changes for all wedge conditions
(MW>PW>AW>LW>NW), while the hip joint in AW and MW
conditions MW>AW>NW) only.
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Figure 3: RMS value and standard deviation of hip and subtalar
joints in the frontal plane across conditions. *statistical
difference compared to NW.

RMS joint angles {degrees)

CONCLUSION

Upper trunk, ankle and subtalar joint showed statistically
significant changes regardless the wedge conditions. This shows
the participation of different planes of movement to compensate
a wedge placement. Furthermore, a particular wedge condition
changes differently the especial proximal joints in a weight-
bearing chain. Thus, it is essential to notice the effect of
different posted orthotic on proximal joints and three planes of
movement.
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INTRODUCTION

Diabetic neuropathy (DN) frequently leads to ulceration and
these patients have an increased risk of lower limb amputation
[1,2]. Limited knowledge exists on the functional outcome at
various stages of this process. The aim of this study is to
investigate multiple aspects of functional outcome/mobility of
patients with DN at different stages of complications with
trans-tibial amputations (TTA) as the last stage.

METHODS

To date in this ongoing study, 24 subjects with DN and no
history of ulceration (control group), 13 with DN and a current
plantar ulcer, 9 with DN and partial foot amputation and 21
with DN and unilateral trans-tibial amputation were studied.
Informed consent was obtained and functional status was
assessed based on the fundamental activities of mobility,
largely focused on walking. Physical activity was recorded
using Stepwatch Activity Monitors. Patient’s perception of
mobility was assessed with a self-administered Rivermead
Mobility Index (RMI). Plantar pressure was measured with the
Pedar in-shoe system while participants walked at their self-
selected pace. Gait parameters were measured using digital
video. Total Heart Beat Index (THBI), as an indicator of
functional capacity/energy expenditure, was measured with a
Polar Heart Rate Monitor. Statistical differences between the
TTA group and the control group, matched on marginal
distributions (age, gender, height, weight), were tested by
means of independent t-tests (oo = 0.05). The other two groups
were not sufficient in number and not sufficiently matched to
be included in the inferential statistical analysis.

RESULTS AND DISCUSSION

Average daily strides were significantly reduced in the TTA
group compared to controls (Table 1). The other two groups
showed intermediate activity levels in comparison (Figure 1).
Subject’s own perception of level of mobility (RMI), gait
velocity and functional capacity (THBI) were all significantly
different between the TTA group and the controls. Daily
plantar cumulative stress [3] was significantly reduced for the
TTA group. However, peak pressure over the MT1-2 region
was not significantly different between these two groups

Activity level
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Figure 1: Activity levels measured as a one week average
of number of strides per day. Mean and standard
deviations are shown for four groups of subjects with DN.

(Table 1). This also applied to other foot regions but these
results are not reported here.

CONCLUSIONS

All groups in this study demonstrated relatively low to very
low levels of activity compared to normative values from
healthy subjects [3]. Reduced physical activity levels and
reduced walking speed seem to limit plantar loading in the
TTA group. However, the surviving foot may be at risk of
plantar ulceration if functional performance is improved
during rehabilitation. This may also apply to the groups at
other stages of complications. Therefore, efforts to increase
fitness and activity levels should not occur at the expense of
foot injury prevention.
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Table 1: Summary of results comparing the control group with DN and no complications and the trans-tibial amputation group.

Control group TTA group p
Mean (SD) Mean (SD)
Activity level (Average strides/day) 4155 (1869) 1941 (1084) 0.001*
RMI (score out of 15) - median 15 (9-15) 11.5 (8-14) 0.001*
Gait velocity (m/s) 1.11 (0.22) 0.76 (0.14) 0.001*
Peak pressure 1-2 MT (kPa) 301.6 (72.3) 316.3 (91.8) 0.574
Daily Plantar Cumulative Stress (MPa /day) 505.7 (235.7) 355.6 (211.1) 0.038*
THBI (beats/m) 1.27 (0.48) 1.71 (0.49) 0.005*

* Significant (p<0.05)
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INTRODUCTION

Triathletes report a perception of reduced lower limb
coordination when running after cycling. This perceived
reduction in lower limb coordination may result from
interference with control of movement and muscle
recruitment. Studies of upper limb coordination have
demonstrated interference with control of movement when
two previously learnt tasks are performed in sequence or with
only short interim periods [1]. These findings can be
extrapolated to suggest that control of movement and muscle
recruitment in triathletes during running after cycling may be
less skilled when compared to running without prior cycling
because of interference with movement control. However,
interference with control of movement and muscle recruitment
in triathletes during running following cycling has not been
studied in the absence of fatigue, which is another potential
cause of altered control of movement. Therefore, this study
investigated the influence of the triathlon transition on
movement and muscle recruitment in highly trained triathletes
using a protocol designed to provide the triathletes with
exposure to cycling without causing fatigue.

METHODS

Participants were nine highly trained Australian national or
international level triathletes. Pelvic and lower limb
movement (three dimensional kinematics), activation of
tibialis anterior (TA, surface electromyography recordings)
and stride and stance durations were compared between a
control run, which occurred without any prior exercise, and a
transition run that was preceded by 20 min of cycling. TA
activity during running and cycling was compared using
coefficients of multiple correlation (CMC) to test the
hypothesis that changes to muscle activity between control
and transition runs resulted in activation that more closely
resembled that used for cycling. Myoelectric indicators of
fatigue (initial values and rate of change of the mean spectral
frequency (MNF), average rectified value (ARV), and
neuromuscular efficiency (NME)) were measured using a
protocol previously described [2] and were used to test the
hypothesis that altered TA recruitment was not due to fatigue.
Furthermore, repeatability of transition effects was examined
and ratings of perceived control of movement were used to
investigate if athletes’ perceptions of coordination were
correlated with transition effects.

RESULTS AND DISCUSSION

Group data of pelvic and lower limb movement, TA EMG,
and stride and stance durations did not vary between control
and transition runs. Analysis of individual triathlete movement
patterns also showed that motion of the pelvis and lower limb,
including individual variance of movement patterns and inter-
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joint coordination, did not vary in any triathlete between
control and transition runs. Stride and stance durations also
did not vary between control and transition runs in any
triathlete. However, analysis of individual triathlete data
revealed a decrease in the amplitude of TA EMG during the
stance phase of running, which occurred immediately
following the cycle leg and continued for the duration of the
30 min control run, in two of the nine triathletes. In these two
triathletes, the pattern of activation of TA was more similar to
that used for cycling (triathlete three control run-cycling CMC
= 0.536 vs. transition run-cycling CMC = 0.746, and triathlete
six control run-cycling CMC = 0.444 vs. transition run-cycling
CMC = 0.610). Altered recruitment of TA during the
transition run was not associated with myoelctric indications
of fatigue as initial values and rate of change of MNF, ARV
and NME did not vary between pre- and post exercise
measures. Interestingly, these two triathletes were not different
to the remaining seven triathletes in their ratings of perceived
control of movement. Furthermore, the amplitude of TA EMG
during the swing phase of running, times of EMG onset, offset
and peak amplitude, EMG modulation and individual variance
of EMG did not vary between control and transition runs in
any triathletes. With the exception of the amplitude of TA
EMG during the stance phase of running, absolute magnitudes
of all kinematic and EMG variables during running did not
vary between triathletes. Data of TA EMG and pelvic and
limb kinematics was repeatable (CMC TA EMG = 0.846 *
0.019, CMC kinematics 0.911 £ 0.029).

CONCLUSIONS

This study suggests that kinematics of the pelvis and lower
limb are not influenced by the transition from cycling to
running in highly trained triathletes. While activation of TA
was not influenced by the cycle-run transition in a majority of
highly trained triathletes, the data suggest that leg muscle
activity during running may be influenced by cycling in some
highly trained triathletes despite years of training and practice
of the sequence. Altered recruitment of TA was not associated
with myoelctric indications of fatigue but was more similar to
that used for cycling, suggesting that it was the cycling task
that directly affected running muscle activity. This transition
effect was consistent between sessions.
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INTRODUCTION

Just like the Round Kick[1], the Straight Kick (SK) is another
attack method to get score in Chinese Wushu competition. In
order to get high effect, the key factor in SK performance is to
reach the kick force as large as possible in a short period of
time.

However, up to now few have been published related to the
kinetic characteristic of this performance. Maybe it was
related to the difficulty to test the horizontal kinetic variables
of SK by using the force platform directly. Then T-Y Shiang,
et al.[2] gave an idea. In order to get the impact data of the
baseball, they mounted the force plat vertically on the wall,
which makes it possible to test the kinetic characteristic.
Therefore, the purpose of this paper is to try to develop a
method used to diagnosis the kinetic characteristic of SK
performances of China elate Wushu athletes and to present
some references for the further research in this area.

METHODS

Participate: 8 Chinese elate Wushu athletes with (age, height,
weight) 22.32+0.45year, 1.76 :0.03m, 72.65+6.62kg.
Apparatus: just as Fig. 1, the metal frame was fixed on the

\ Force platform

LA LG A LA
Fig. 1 The experimental apparatus setup

wall. Then the Kistler force platform (9287B) was fixed on the
frame. In order to minimize the sore of the foot, a sponge was
fixed on the platform with an adhesive tape.
Procedures: in order to avoid injury, every subject was
required to warm up
more than 5 minutes
including running
and stretching the
tendons. At hearing
the start instruction,
the athlete moved
one step forward to
i the force platform
' —»  with One leg
tm T t standing on  the
ground, and the other
straight kicking horizontally onto the platform with the
maximum force.
Fig.2 is the typical force curve. At beginning, the force is zero.

F A Fm

Fig.2 The force curve
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After a short time t, the force reaches the top F,,. At time T,
the force gets down to zero. AF/At was calculated by the
function F,/t,, which was the average force gradient within
the time from the contact to the maximum force. Because of
the explosive style of the performance, the force data were
sampled at 2000Hz for 5s duration.

In the experiment, every athlete was required to complete
three trials with the right foot and then with the left foot
respectively. The Preferred Leg (PL) was defined in this paper
to be the leg with the larger maximum kick force, and the
non-Preferred Leg (non-PL) was to be with the less force. The
best one of three trials in PL and non-PL respectively was
selected as the statistics sample.

Statistics: T-test was used to determine the differences
between kinetic variables of PL and non-PL with significant
level at 0.05, and 0.01.

RESULTS AND DISCUSSION

From the contact to the maximum force, the time was about
20ms. The total time from contact to separate is about 170ms.
In the aspect of time t,, and T, there was no significant
difference (p>0.05) between the PL and non-PL.

In the maximum force, however, the force of PL was
significant larger (p<0.01) than that of non-PL. The PL had
maximum force 925.51+122.48kgf, while the non-PL was
35.6% lower. The maximum force was about 12 times of
Body Weight, which is much larger than the maximum force
of vertical jump[3].

Table 1 the kinetic variables of the athletes (n=8)

Variables PL(M+SD) Non-PL(MzSD)
tw(ms) 2043 2112
T(ms) 170+21 170435
F(kef) 925.51+£122.48%* 595.66+104.44

AF/At (kgfls)x10? 46.1749.12%* 29.61+6.39
Impact (kgfs) 19.24+5.49* 13.40+5.1

Note. * Significant different (p<.05); **highly significant
different(p<.01)

In aspect of force gradient, the difference between LP and
non-LP was highly significant (p<0.01). The AF/At of LP is
(46.17£9.12)*1000kgf/s, while that of non-LP was 35.7%
lower. In the impact, there is still significant difference
between the LP and non-LP (p<0.05). The Impact of LP is
about 19.24kgs, while the non-LP was only about 13.40kgs
with 30.4% lower.
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Introduction

The use of surface electromyography (EMG)
as a diagnostic tool for low back pain (LBP) is
based on the possibility that changes in the
fatiguing process can be monitored before the
point of mechanical failure has been reached.
However, back muscle fatigue studies do not
consistently report endurance levels for
patients with or without low back pain (LBP).
This study is to evaluate a reliable diagnostic
tool for low back pain based on power
spectrum and novel technique based on
nonlinear time series analysis, including
entropy and mean square displacement.

Methods

Ten subjects with chronic LBP and ten
gender-matched volunteers were recruited as a
control group. The endurance of the erector
spinae muscle was determined using a
modified version of the isometric Sorensen
fatigue test. Using standard fast Fourier
transform (FFT) of the surface EMG data, the
median frequency, the slope of the median
frequency, and the coefficient of
determination (R*) were obtained. The signal
was interpreted as a random displacement for
each discrete time step, and the entropy and
mean square displacement as functions of time
were computed.

Results and Discussion

The power spectrum measures do not provide
a clear differentiation between LBP and
healthy individuals. The median frequency
was not statistically different between groups
(Ty,15=0.91, p > .05). However, the entropy
and the mean-square displacement versus time
exhibit a plateau for 10msec <t < Isec and
both of these results were statistically different
in the two groups (Figure 1).
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Figure 1. Entropy versus time for healthy group A and LBP group B.

Conclusions

The mean-square displacement and entropy
analysis are good diagnostic tools to diagnose
LBP. The mean-square displacement versus
time has a flat part, which reflects the presence
of correlation in the EMG signal. In addition,
the entropy values are larger for subjects
without LBP than for those with LBP. Further
study is required to understand the mechanism
of action. The power spectrum seems to
indicate a decrease in variability.
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INTRODUCTION

Previous research examining cumulative compression
exposure in the low back has employed a linear summation of
force-time magnitudes to obtain estimates of total exposure.
More recently, force magnitudes have been weighted (square
or tetra power) based on the idea that higher load magnitudes
have a greater impact on the development of injury than do
lower magnitudes [1,2]. Although researchers have indicated
a need to adjust higher loading magnitudes for their role in
cumulative injury development, the relationship between load
magnitude and cumulative load tolerance has not been
quantified. This study was performed to quantify this
relationship and provide useable weighting factors to be
employed when quantifying cumulative load exposure.

METHODS

40 porcine cervical spinal units were each randomly assigned
to one of four loading groups, corresponding to 40, 50, 70, or
90% of the estimated compressive strength of the unit. The
compressive tolerance of each spinal unit was estimated using
a previously developed equation based on average endplate
area [3]. Each spinal unit was mounted inside aluminum cups
using non-exothermic dental plaster, mounted in a materials
testing machine (8872, Instron Canada, Toronto, ON, Canada)
and preloaded with 300N for 15 minutes. The inferior
vertebral mounting of the spinal unit was placed on a bearing
table to allow unconstrained translations in two directions and
rotation about one axis. After preloading, specimens were
cyclically compressed with a physiological loading profile at
0.5 Hz until failure occurred or a maximum of 21,600 cycles
was reached. Failure was characterized by a distinct drop in
stiffness and increase in displacement (figure 1). The
relationship between load magnitude and cumulative load
tolerance was mathematically characterized and used to
generate weighting factors to adjust all loading magnitudes (1-
100%) for their contribution to injury development.

RESULTS AND DISCUSSION

The average cumulative load tolerated in each group is
provided in table 1. It was found that load magnitudes below
70% did not always induce failure prior to the cycle limit, as
indicated in table 1. The measured relationship indicated that
load magnitudes below 37.5% resulted in a minimal risk of
injury and were therefore assigned a weighting factor of 1.
Above this threshold value, equation 1 can be used to
determine the necessary weighting factor. The square and
tetra power approaches previously employed [1,2] are not
supported by the current findings.
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Figure 1: Displacement (mm) and stiffness (kN/mm) versus
cycle number obtained from a specimen cycled to a peak load
of 50% of the estimated compressive tolerance. Only the peak
cycle displacement is plotted for clarity. Plots are overlaid to
highlight the simultaneous decrease in stiffness and increase in
displacement occurring at failure. The failure cycle is
indicated.
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Table 1: Average cumulative load tolerance (standard deviation) and number of surviving specimens for each loading group.

Loading Group Number of Surviving Specimens Cumulative Load (MN*s)
40% 83.2(1.3)
50% 3.5(2.1)
70% 0.9(1.9)
90% 0.1(0.2)

Equation 1:

Weighting Factor =5.4617470 x 10 % x (loading magnitude )° —1.3802063803 x 10 > x (loading magnitude )*

+1.4601005081 73 x 10 > x (loading magnitude )* — 7.8813626392 557 x 10 ~% x (loading magnitude )*
+ 2.1412519178 06310 x (loading magnitude ) — 22.2341862486 371
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INTRODUCTION

Anterior cruciate ligament (ACL) injury is a common and
traumatic sports injury. While the underlying mechanisms
remain unclear, neuromuscular control elicited during high-
risk sports movements has become increasingly viewed as a
primary risk factor [2]. To date, neuromuscular predictors of
ACL injury have typically arisen from lab-based assessments
of these movements, as a means to counter the inherently
random and unpredictable nature of the true game setting. It is
possible however, that this approach excludes important
components of actual game-play that contribute directly to the
chosen movement response and resultant injury risk [4]. A
game-based assessment of high-risk sports movements may
thus afford more reliable neuromuscular injury predictors, and
hence, more effective injury screening and prevention
strategies. With this in mind, the purpose of the current
investigation was to compare lab and game-based measures of
lower limb neuromuscular control during high-risk sports
movements.

METHODS

Ten female subjects (age 24.3, = 9.5 years) had lower limb
EMG data recorded continuously during a fixtured netball
game. At a subsequent session, occurring in the lab, EMG data
was also recorded for 3 chosen conditions (as below). The
movement chosen for investigation was a “leap” land, which
is commonly employed in netball and involves taking off on a
single leg and landing on the opposite leg. For each subject,
bilateral EMG (Mespec 4000, MegaWin) data, sampled at
1000Hz, was first recorded telemetrically for rectus femoris
(RF), biceps femoris (BF) and medial hamstring (MH)
muscles throughout an entire game (4 x 10 min %’s). The
game was also videotaped via a 50Hz Panasonic CCD camera,
which enabled accurate detection of leap lands, surrounding
factors eg. proximity of opposing players, and the moment of
foot contact to be analysed in detail. During lab testing, video
and bilateral EMG data were again recorded while subjects
performed 5 leap land trials for each leg, for 3 specific
movement conditions of increasing complexity, namely:

1.Run and leap land.

2.Run, leap land whilst catching a ball, pivot and pass to a
team-mate in the same movement.

3.Break from a defender, run, leap land whilst catching a ball,
pivot and pass to a team-mate in the same movement

Muscle EMG data obtained from the game movements were
then matched to lab-based measures for the ensuing analyses.

The point of initial contact (IC) of the land leg, for both the
game and lab trials was first determined via the video camera
recordings. EMG data were then analysed for each trial to
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determine the moment at which each muscle turned ‘on’
relative to IC (onset to IC), and the resultant duration of the
muscle activation burst that occurred concurrent with IC.
Specifically, the onset level was defined as the point where
muscle activation exceeded baseline levels by at least 1 SD for
a minimum of 10 ms [3]. In addition to the landing leg, the
same measures were also recorded 2 and 1 step prior to the
land, being defined as the contralateral leg land (CL) and
ipsilateral leg land (IL) respectively. All dependent measures
were subsequently submitted to a 2-way ANOVA to
determine for the main effects of test condition and leg.

RESULTS AND DISCUSSION

Onset to IC for the RF and BF muscles was observed to be
similar between the game and lab conditions for the landing,
CL or IL leg (p>0.6). A significant difference (p= 0.008) was
observed however, for the MH of the land leg, with the onset
of activation occurring much closer to IC during the game (73
+ 19ms) compared to the lab (111 % 14ms) condition.
Differences in MH activation were not observed for the IL or
CL leg lands. Comparisons of muscle burst duration data also
failed to yield significant results for all statistical comparisons.
Previous lab-based investigations for the same sports
movement have reported hamstring activation onset times
relative to IC, and proposed that onset further from IC, as was
found in females when compared to males, increased the
likelihood of ACL injury due to an inability to effectively
counter tibiofemoral anterior shear forces [1]. Current game
observations however, suggest female onset times occur much
closer to IC. Thus, the potential for female hamstring
activation strategies to contribute to their increased ACL
injury risk compared to males may be largely overstated. If
this is the case, lab based screening and intervention strategies
that focus on this predictor, may have limited success in
reducing female ACL injury rates.

CONCLUSIONS

Differences exist in female lower limb neuromuscular control
between lab and game-based assessment of high-risk sports
movements that may have a significant impact on the ultimate
success of current screening and intervention strategies.
Further work into this potentially important research disparity
is warranted.
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INTRODUCTION

The central one-third of the patellar tendon (PT) is commonly
used as a substitute for reconstruction of the anterior cruciate
ligament. The defect made by the resection of the central
portion is filled with regenerated fibrous tissue. We have
observed in a rabbit model that the strength and elastic
modulus of the residual tissue significantly decreased at an
initial stage and then increased thereafter, and that those of the
regenerated tissue progressively increased during healing [1].
Mechanical stress is considered to affect the remodeling
phenomena in both tissues, because the strength and modulus
of the normal PT are very rapidly and markedly decreased by
the removal of the stress applied to it (stress shielding) [2].
Therefore, we hypothesized that stress shielding significantly
affect the properties of both regenerated and residual tissues
after the resection of the central one-third of the PT. The
purpose of the present study was to test this hypothesis.

MATERIALS AND METHOD

Skeletally mature female Japanese white rabbits were used.

After surgical exposure of the PT in each right knee, the PT
was relaxed at all knee angles with astainless steel wire
hooked between the patella and the tibial tubercle, for the
complete removal of stress [2]. Then, a full-thick, full-long
(about 20 mm), rectangular defect, which had the width (about
3 mm) of one-third of the whole width of the PT, was made in
the central portion of the PT. Postoperatively, all animals were
applied no immobilization procedure, and were allowed
unrestricted activities in cages.

At 3 or 6 wks after the operation, patella-tendon-tibia
complexes were excised, and each complex was divided into
the medial (residual PT tissue), central (regenerated tissue),
and lateral (residual PT tissue) portions. Tensile testing was
performed for each specimen in ? ? C saline solution at the
rate of 20 mm/min; strain was determined at midsubstance
with a video dimension analyzer.

The results from these completely stress-shielded tissues (CSS
group) were compared with our previous results obtained

from the animals which were made same defects in the PT
but were applied no sreess shielding treatment (NSS group)
[3], and also .with the results obtained from non-treated
normal PTs (Control) [4].

RESULTS AND DISCUSSION

Fibrous tissues were regenerated in the PT defects already at 3
wks in both CSS and NSS groups, but their tensile strengths
were very much lower compared to the control PT (Figure 1).
The strength increased between 3 and 6 wks, although that at 6
wks was still significantly lower than control value. CSS
group had significantly lower strength than NSS group at each
period. The tensile strength of the residual PT tissue (average

47

for the medial and lateral tissues) was greatly decreased by the
removal of the central portion in both groups, possibly due to
overstress applied to the residual tissue [1], and the decrease
was significantly larger in CSS than in NSS groups. The
elastic modulus showed essentially similar results to the
tensile strength in both groups. The strain to failure was
significantly larger in CSS and NSS groups than in Control
group regardless of experimental period, although there were
no significant differences between CSS and NSS groups.

O Control4l #p < 0.05 vs. Control

3wks * p <0.05vs. NSS
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Figure 1 Tensile strength of regenerated and residual tissues
after removal of the central one-third of the patellar tendon.

CONCLUSION

These results indicate that stress shielding induces adverse
effrects on the mechanical properties of the regenerated tissue
and the unresected, residual tendon tissue after the removal of
the central one-third portion of the PT as a substitute for
ligament reconstruction. This fact implies that adequate stress
is prerequisite for the healthy remodeling of not only residual
tendon tissue but also newly regenerated fibrous tissue.
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INTRODUCTION

Many runners suffer from tibial stress fractures. This may be a
result of the repetitive loading applied to the tibia during
running, as there is evidence of micro-damage in bone tissue
after repetitive loading. Therefore, this study investigated 1)
whether running-related loads are large enough to cause tibial
stress fractures upon repeated application, and 2) whether
muscle fatigue alters the potential for tibial stress fractures
during running. The potential for tibial stress fractures was
predicted, using an integrated experimental and mathematical
modeling approach, by estimating the minimum number of
loading cycles that would result in the failure of bone (Nfail).

METHODS

Ten male recreational runners with reflective markers attached
to their left lower limb ran across a force plate for a total of 6
successful trials within the range of 3.5 — 4 m/s. Subjects then
ran on a treadmill until muscle fatigue occurred, as indicated
by a decrease of >25% in measured plantarflexion strength.
Finally, the fatigued subjects performed 6 more running trials
across the force plate within the same range of 3.5 — 4 m/s.

Inverse dynamics analysis was applied to the marker position
and force data to estimate the joint reaction forces (JRF) and
joint moments at the left ankle, knee, and hip. The forces
acting in 21 muscles of the lower limb at each sample time
were estimated from the joint moments through optimization,
minimizing the sum of the cubed muscle stresses. From the
JRF and the muscle forces, the 2-D bone contact forces at the
distal end of tibia were computed. Stresses on the anterior and
posterior faces of the tibia at 13.7 cm. from the distal end were
then estimated from the bone contact forces, based on a beam
model [1]. Finally, the tibial stresses were used to predict
Nfail [2]. Nfail was log transformed for statistical analysis and
a doubly multivariate was used to compare Ln(Nfail) before
and after the onset of muscle fatigue.

RESULTS AND DISCUSSION

Compressive stresses were found at the posterior face of the
tibia throughout stance, whereas both tensile and compressive
stresses acted at the anterior face (Figure 1). This is consistent
with strains that have been measured in vivo and in vitro [3,4].
The maximum compressive stress of -43.4 + 10.3 MPa
occurred at the posterior face of the tibia during mid stance

Table 1: The group mean + SD of Ln(Nfail) and the mean of
Nfail at the posterior and anterior faces of the tibia.

Before After P-value
fatigue fatigue
Ln(Nfail)
Posterior face 1548 +2.56 16.07 +2.44 0.004
Anterior face 27.00 +4.95 27.94+4.01 0.095
Nfail (cycles)
Posterior face 5.28%10° 9.53%10° -
Anterior face 5.32*10" 1.36*10" —
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and resulted in the minimum Nfail. Hence, the posterior face
of the tibia was more prone to stress fractures, consistent with
the results of a previous epidemiological study [5]. Although
Nfail before fatigue averaged 5.28%10° cycles, Nfail varied
greatly between runners. The mean Nfails of two runners were
only 2.7%10* and 2.7*10° cycles, suggesting that these two
runners were at risk of a tibial stress fracture from running.

After muscle fatigue, tibial stresses tended to decrease (Figure
1), which led to a significant increase in Nfail (Table 1). This
increase in Nfail implies that fatigue of the plantarflexors from
prolonged running did not accelerate the onset of tibial stress
fractures. Instead, changes in running technique with fatigue
may have served to protect against tibial stress fracture. The
results thus indicate that tibial stress fractures in runners result
primarily from the repeated application of running-related
loads in selected, at-risk individuals, and not from an increase
in bone loading due to muscle fatigue.
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Figure 1: Mean stresses before and after muscle fatigue at the
(a) posterior and (b) anterior faces of the tibia during the
stance phase of running. Positive stresses are tensile and
negative stresses are compressive.
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INTRODUCTION

While the evidence is far from conclusive, males appear to be
more susceptible to low cost low back injuries (mild low back
pain) while females have higher rates of more costly injuries
(severe low back pain) [1,2]. Although job requirements do
not dscriminate between genders, there is reason to expect
that the biomechanical effect on the individual may differ as a
function of gender. Males are significantly stronger than
females [3,4]. Differences in strength and anthropometry
between males and females may influence the trunk motions,
muscle activities, and subsequent spine loads. Previous work
evaluating how males and females respond biomechanically to
similar lifting demands provides the evidence that females are
not simply proportionally scaled down versions of males [5].
In other words, the differences in spine loading are not just a
function of size. Overall, males have significantly greater
three-dimensional spine forces than females when lifting. In
addition to the differences in spine loading, males and females
approached the lifting tasks differently with respect to trunk
and hip kinematics as well as muscle recruitment. However,
this previous study investigated gender differences but did not
control for anthropometic differences. The objective of the
current study was to evaluate males and females performing
lifting tasks that were matched on height and body mass.

METHODS

Nine females and nine males were selected from a larger study
[6] based on matching anthropometry (within 5 kg and 5 cm).
The average weight and height for males was 67.9 kg and
170.5 cm, respectively and for females was 67.5 kg and 168.9
cm, respectively. The experimental tasks consisted of
asymmetric lifting of boxes to either a 90° clockwise or a 90°
counter-clockwise shelf at two different lift rates—2 and 8
lifts/minute. Boxes weighing 6.8 and 11.4 kg were lifted from
conveyor and placed on asymmetric shelf. The three-
dimensional trunk kinematics as measured by the lumbar
motion monitor, trunk kinetics measured by force platform
system, and activity of the ten major trunk muscles were
inputted into an EMG-assisted spine load model that predicted
the three-dimensional spine loads-compression, lateral shear,
and anterior-posterior shear forces. A repeated-measures
split-plot analysis of variance was performed for all of the
dependent variables with all significant effects being further
analyzed using Tukey multiple pairwise comparisons.

RESULTS AND DISCUSSION

Although males and females were virtually identical in body
size, significant differences in spine loads still existed between
the genders. Males were found to produce significantly greater
compression forces—about 650 N than females. The direction
of the task asymmetry also plays a role in the spine load
responses. A small gender-asymmetry interaction effect was
found to be significant for compression (Figure 1). In addition,
males were found to have significantly greater lateral shear
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Figure 1: Peak compression for males and females when
lifting to counter-clockwise and clockwise shelves.

loads (130 N more) when lifting from the counter-clockwise
shelf but significantly lower shear loads (about 70 N) when
lifting from clockwise shelf. It is interesting to note that
females had greater muscle activity in the right and left
latissimus dorsi (about 22% MVC), right and left rectus
abdominus (about 5% MVC), and left external oblique (about
11% MVC) muscles. Although this increase in muscle activity
appears to be counter-intuitive, females lifted in a different
way kinematically than the males, counteracting the muscle
activity response. Many trunk kinematic differences were mt
significant but appear to be biomechanically important.
Females were found to utilize their hips more (8° more and
10.5 °/sec faster) during lifting while males relied on more
trunk motion (5° more and 6 °/sec faster). Together, the muscle
responses and kinematic difference result in different spine
load patterns between the genders.

CONCLUSIONS

As with previous less controlled studies [5], the current study
revealed that females are not scaled down versions of males.
When exposed to the same lifting conditions, females respond
with greater muscle coactivity but in a more neutral trunk
posture by utilizing more hip motion. As a result, females
minimize the loads on the spine during lifting. Thus, an
inherent difference exists between males and females that
cause the load pattern to be different.
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INTRODUCTION

Peripheral Arterial Disease (PAD) 1is the result of
atherosclerotic occlusion of the leg arteries affecting more
than 8.4 million people in US[1]. For PAD patients, walking is
a difficult task because the increased metabolic demand of the
leg muscles is not satisfied due to the decreased blood flow.
The result is claudication, which is defined as pain in the leg
muscles during ambulation. When ambulation stops, the
muscle is reperfused and the pain subsides. Recent research
has examined PAD and the associated claudication as a
primary gait disability[2]. However, this work has performed
evaluations using only temporal and spatial gait parameters,
such as stride length and step time. As a result, these
evaluations have been limited in their ability to describe in
detail the true gait handicap of PAD patients[1]. For further
advancement of the understanding of PAD, kinetics (i.e.
ground reaction forces) and kinematics (i.e. joint angles) are
warranted[3]. The purpose of this investigation is to examine
the ambulatory dysfunction of the PAD claudicating, PAD
healthy contralateral, and the healthy control legs using
selected kinematic and kinetic parameters

METHODS

Fifteen PAD patients and 5 age-matched (age 45-60 yrs)
healthy controls walked through a 10m walkway while
kinematic (60Hz) and kinetic (600Hz) data were collected
both before and after the onset of claudication symptoms. The
patients performed 5 trials at a self-selected pace with each leg
while pain free (pre-pain), or with no claudication symptoms.
Then patients were asked to walk on a treadmill at 1.5 mph
(10% grade) until the onset of pain. After pain was induced,
patients completed 5 more trials at a self-selected pace for
each leg. The legs of the study participants were divided into 3
groups: PAD claudicating (CL, n=20), PAD healthy
contralateral (CO, n=4), and control (HC, n=10). Statistics of
selected measures were performed using 2x2 Mixed ANOVA
(CL/CO vs HC, pre-pain vs post-pain) and 2x2 repeated
measures ANOVA (CL vs CO, pre-pain vs post-pain).

RESULTS AND DISCUSSION

The configuration of the vertical ground reaction force
(VGREF) curve depicts a “flatter” configuration (Figure 1) for
the CL and CO than the HC. Statistical analysis showed that
the minimum values of VGRF (Fmin) for the CL (p=.02) and
CO (p=.03) were significantly larger than the HC. The
differences of the VGRF maximums to Fmin (F1-Fmin, F2-
Fmin) for CL (p=.04,p=.04) and CO (p=.01,p=.01) legs were
significantly smaller than the HC. CO revealed larger braking
impulse than the HC (p=.02). For all legs, braking impulse
significantly increased when comparisons included the CO
legs from the pre-pain to the post-pain condition
(HC:p=0.01,CL:p=0.02). The stance time for CL (p=.01) and
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Figure 1. Mean VGREF for CL, CO, and HC legs.

CO (p=.04) was found to be larger than the HC. Kinematic
results indicated that CL had greater maximum plantar flexion
at toe off (p=.033) and ankle range of motion during stance
than HC. At the knee, maximum flexion during stance
decreased for CL from the pre-pain to the post-pain conditions
while it increased for the HC (p=.02). At the hip, CL had
increased maximum hip extension during stance between the
pain conditions while in CO decreased (p=.01).

CONCLUSIONS

The flatter configuration found in the VGRF curve may
represent an attempt by the PAD patients to diminish any
vertical fluctuations of the center of gravity and/or inability to
accomplish proper knee extension during stance. This may
offer a more stable gait to the PAD patient. The decreased
knee flexion by CL and the slower walking pace (i.e. higher
stance time) of the CL and CO may also indicate an effort
toward a more stable gait pattern. In the majority of the
patients, the most affected muscles reported were the foot
plantarflexors. This may be the reason for the differences
noted at the ankle. In addition, the decreased knee flexion
observed may have resulted in the compensations found at the
ankle. The increased braking impulse of the CO may be an
adaptive pattern to slow the system early in stance phase in
compensation for the CL. This is also evident by the changes
in hip extension between conditions for the CL and CO legs.
This again supports the idea of finding a more stable pattern as
the gait of the patient slows down. In summary, PAD patients
have altered their gait to (1) create a more stable gait and (2)
to compensate for the pain induced during walking. Future
directions for this investigation include examining stability
directly via nonlinear tools.
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INTRODUCTION

Biodynamic responses are usually transient, strongly localized
in the time domain, and contaminated with noise, so that
conventional statistical analysis, correlation analysis, or
spectral analysis used for stationary signals may be neither
appropriate nor efficient for the analyses of them. Wavelets,
localized in both frequency and time domain, match the major
characteristics of biodynamic responses. The use of wavelets
in the analyses of biodynamic responses for various
applications was investigated by the authors and is briefly
described below.

WAVELET/WAVELET PACKET DECOMPOSITIONS
A biodynamic response or signal §(7) can be decomposed on

a wavelet basis [1]:
S=A4;+ Y D;" M
j<J
where the approximation 4, retains the lower frequency
components of the original signal, and the details D; contain
high frequency components and often display vibrations and
noises. In a wavelet packet basis, the decomposition of S(r) at
level J can be expressed as [2]
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SO =D quwn(t—k)> )
n=0 k

where w,, (r)are wavelet packet atoms; ¢, are wavelet

packet coefficients; 7is the frequency index, and kis the

position index. The wavelet transform allows for a view of

biodynamic response in a time-frequency plane, and thus

provides the information regarding when events take place.

CORRELATION ANALYSIS
Decompose two signals x(r) and y() ata certain level using

wavelets. The approximations x/ () and j/ (r) can be treated

as deterministic signals, and the linear relationship or
resemblance between them can be described by a classic
correlation coefficient p! (z) [3]. The time shift 7 is allowed

to account for the phase shift between them. A quantity

Pam = Pla(@p) =max{p},(7); )
T

can be used to evaluate the agreement in the pulse shape,

whereas 7,, can be used to measure the time shift. As dyadic

wavelet decomposition provides a multi-resolution analysis,
the correlation analysis between the approximations at
different levels describes the correlative relationship between
the two original signals with different resolutions.

SIGNAL ENERGY DISTRIBUTION ANALYSIS
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If a signal is decomposied on an orthogonal wavelet packet
basis using Eq. (2), in terms of the signal energy [3],
271
ISt = XX a5 @
n=0 k
The signal energy distribution can be defined in two ways:
e  With respect to the frequency index »:

_ 2 5
Ey =Y 0 )
k
e  With respect to the time position k£ and the frequency
index n:
Enk =45 (6)
MODEL VALIDATION

The comparison of the energy distributions of a pair of
biodynamic responses from a test and from the simulation
shows the agreement or discrepancy in amplitudes between
them; thus it can be used for the wvalidation of bio-
computational modeling. In order to compare the pulse shape
and the peak timing between the two responses, the correlative
relationship between the approximations can be used. Based
on energy distributions and correlation analysis, several
metrics were developed that can be used for quantitative
validation. The comparison can be made at different levels so
that details at different scales can be taken into account.

PREDICTING HUMAN RESPONSE FROM ATD TESTS
The ATD (Anthropomorphic Test Device) response and
human response are considered as the output of a black box
system. Based on the decompositions of both responses on a
wavelet packet basis, a mapping matrix is built after executing
a procedure including de-noising, energy distribution analysis,
correlation and regression analysis, and spectral coherence
analysis and transfer function identification [4]. With the
mapping matrix, an ATD response can be modified or
reconstructed into the corresponding human response.

CONCLUSIONS
Wavelet analysis is a useful and effective tool for the analyses
of biodynamic responses in various applications.
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INTRODUCTION

Spinal instability has been suggested as a potential cause of
low back pain and axial rotational instability, in particular, has
been implicated in its pathogenesis due to the presence of disc
degeneration (DD) [1]. The use of radiographs has been under
scrutiny in that it has been shown to be difficult to accurately
measure vertebral translations and impractical to measure out
of plane rotations with the 2D radiographic images [2, 3].
More precise techniques are generally invasive. The current
study has expanded on a 3D non-invasive imaging technique
to compare in vivo vertebral motions in human lumbar spines
for healthy and chronic low back pain (LBP) subjects [3].

METHODS

Using serial CT scans, a 3D computer model was developed to
analyze lumbar segmental motion under axial torsion in vivo
(Figure 1A). Male volunteers in their thirties (9 healthy (mean
age: 33.8 £2.8 years) and 5 LBP (mean age: 33.0 £ 3.5 years))
were recruited to participate in this imaging study (IRB
approved). The subjects were placed on a custom jig
positioned in the CT scanner. The subjects were scanned in
three positions: neutral (supine) and right and left rotated to
50° [4]. Reconstructed lumbar CT images were analyzed using
the volume merge method, which virtually merged two 3D
vertebrae models to calculate segmental motions in increments
of 0.1lmm and 0.1° (resolution: 0.2° and 0.1mm) (Figure 1B).
Segmental rotations and translations between adjacent
vertebral bodies were calculated in three major planes. All
subjects were scanned using MRI for determination of disc
degeneration using Thompson’s grading system. Statistical
analysis was conducted using unpaired t-tests with a=0.05.

RESULTS AND DISCUSSION

Segmental rotations were greatest in torsion with a trend for
larger motion at L3/4 in LBP group (2.1° vs 1.6°, p<0.08)
(Figure 2). Lateral bending occurred in the direction opposite
external rotation for upper vertebrae and with external rotation
for the lower vertebrae, but these motions were not
significantly different between groups. Segmental translations
were neglible, except for the frontal plane with the greatest
magnitudes in the upper vertebrae (range -6.0° at L1/2 to 1.4°
at L5/S1). In addition, the frontal plane translations showed
significant differences between levels (p<0.01) but not
between groups (p>0.4). There was a trend for greater
degeneration in the LBP versus healthy group at L3/4 and
L4/5 (p<0.1 and p<0.09, respectively).

CONCLUSIONS

Eventhough there was a relatively small sample size, some
trends were determined. As expected there was greater level
of degeneration in the LBP group, which also showed greater
motion in torsion in the middle vertebrae. In addition, pure in
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Figure 1: (A) 3D reconstruction of subject’s lumbar spine
from CT scans. (B)Vertebral body in the neutral position
(a) was virtually rotated and translated toward the real
rotated position (b) with 0.1° and 0.lmm increments,
respectively, until the highest value of volume merge was
calculated (c).
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Figure 2: Comparison of torsional segmental motion
between healthy and LBP subjects (mean + standard error
of the mean). * p<0.08

vivo torsion resulted in complex coupled motions with large
lateral bending and frontal plane movements, especially in the
upper lumbar vertebrae. Additional studies into segmental
motion will be conducted in order to determine potential
correlations with lumbar DD and LBP subjects’ pain mapping.
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INTRODUCTION

Kroll [1] administered five maximal isometric wrist flexion
strength trials, on each of three consecutive test days, and
observed a significant increase across trials from the first to
the last test session. There were then two retest sessions, two
weeks and three months later. An 8-15% increase was
observed between the first test and retest condition, and it was
retained over the 3-month period until the second retest.

Kroll [2] later studied the effects of all contractions given on a
single test day. There were three groups corresponding to 5,
10, and 15 maximal effort contractions. None of the three
groups exhibited any increase in strength upon retest two
weeks later. Thus, fifteen contractions distributed over 3
consecutive days enhanced muscular strength whereas fifteen
contractions distributed on the same day did not. Kroll [2]
theorized that the results of the two studies could be explained
by the observed superiority of distributed versus massed
practice in motor skill development. The present study tested
Kroll’s [2] hypothesis for the elbow flexors.

METHODS

Twenty-six college-aged females were matched and randomly
assigned to one of two groups. The massed group (n=13)
completed 15 maximal isometric elbow flexion strength trials
in one session, while the distributed group (n=13) performed
five such contractions on three successive days. After a 2-
week and 3 month rest interval, both groups returned to
perform another five maximal isometric elbow flexion
strength trials to assess retention of any potential strength
gains.

Surface electromyographic (SEMG) activity of the biceps and
triceps brachii were monitored with bipolar electrodes (DE-
2.1, Delsys Inc., Boston, MA). The signals were amplified
(1000%), band-passed (20-450 Hz) filtered, before A/D
conversion (BNC-2110, National Instruments) at 2048 Hz
(DASYLab, DASYTEC National Instruments, Amherst, NH)
on a Pentium III PC (Seanix Technology Inc., Blaine, WA).
Force was monitored with a load cell (JR3 Inc., Woodland,
CA). The force signal was low-passed (100 Hz) before being
sampled in the same manner as the SEMG. Figure 1 depicts
representative SEMG and force signals.

RESULTS AND DISCUSSION

There was a significant (p<0.05) increase in strength in both
groups from Block 1 (first 5 contractions) to Block 2 (first
retest) and from Block 1 to Block 3 (second retest). Both
groups exhibited an increase (p<0.05) in biceps root-mean-
square (RMS) SEMG amplitude. A significant (p<0.05)
decrease in triceps RMS SEMG amplitude was found between
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Block 1 and 2 for both groups. However, a significant
(»<0.05) increase was found between Blocks 2 and 3.

Both the massed and distributed groups exhibited a learning-
related increase in maximal isometric elbow flexion torque
that was retained over a three month period. The increase in
neural drive to the agonist was also retained [3]. The reduction
in antagonist coactivation was a short-term (2 weeks) training
effect [4], dissipated over the longer rest interval (3-months).
The subsequent increase in antagonist coactivation was
necessary to increase joint stability in response to further
increases in agonist muscle force output, observed during the
last re-test session. The results of this study suggest that there
is flexibility in how muscle contractions may be distributed.
However, other aspects of motor learning theory should be
explored further, such as the role of feedback. To subtract-out
learning effects upon strength training studies, only one
session in needed, as multiple sessions may be unnecessary.

Elbow Flexion Torque
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Figure 1. Representative torque (top panel), biceps brachii
agonist SEMG (middle panel), and triceps brachii antagonist
SEMG (bottom panel) for one subject.
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INTRODUCTION

The interaction of a muscle and its attached tendon during

dynamic activities such as locomotion is critical for both force

production and economical movement. Sonomicrometry
studies have revealed that compliant tendons can store and
return elastic energy to change the timing and magnitude of
muscular work and allow the contractile components to act
nearly isometrically, despite substantial length changes in the
muscle-tendon unit [1]. This produces higher forces and
reduces the energetic requirements of the muscle fibres.

Similar results have been reported for human muscle fibres

using ultrasonography during slow walking [2].

Using a novel ultrasound probe and setup, we tested the
hypotheses that —

1. the medialis gastrocnemius (GM) muscle undergoes a
homogenous length and structure change across three sites
along the length of the muscle (distal, middle and
proximal) during walking and running;

2. the GM muscle fibres shorten more during running than
during walking .

3. the elasticity of the Achilles tendon enhances GM muscle
fibres efficiency under different locomotion conditions

METHODS
6 volunteers (3 male and 3 female) participated in the study.
Participants walked and ran on a treadmill at speeds of
4.5km/h and 7.5 km/h respectively. A flat ultrasound probe
was attached to the gastrocnemius medialis (GM) muscle such
that it imaged a transverse section to the leg in the same plane
as line of action of the muscle fibres at a rate of 25Hz.
Measurements were made at three levels of the muscle; the
midbelly and distally and proximally to this position. Muscle
fibre length and pennation angle was measured throughout 3
complete gait cycles for each gait condition for each subject.
Sagittal plane kinematics were recorded with an active LED
motion analysis system (CODA, Charnwood Dynamics,
England) and synchronised with the ultrasound data using a
sonomicrometry crystal mounted on the ultrasound probe.
Length changes of the gastrocnemius medialis (GM) muscle-
tendon unit length were derived from joint angle data using the
equations derived from Grieve et a/ (1978) [3]. Muscle fibre
lengths and the pennation angle from the ultrasound images
were used along with the whole muscle-tendon length to
estimate the tendon elongation [2].

Identical measures were made with 6 male
participants during walking (Skm/h) at grades of —5,0 and 10%
and also during running (10km/h) at grades of 0 and 10%.

RESULTS AND DISCUSSION

The results of the study show that muscle fibres perform
similar functions along the length of the human MG muscle
during locomotion, regardless of speed or gait. However, they
do not act totally homogenously along the muscle lengths
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Figure 1: Average length and pennation angle of muscle fibres across one
complete stride (heel on to next heel on) during walking (A) and running (B)
for each of three three ultrasound sites (distal = blue; midbelly = green;
proximal = red). The dashed line represents the average muscle fibre length
and pennation angle across all three sites (shaded area is 95% confidence
interval). The stride is divided up into the following specific events averaged
from the kinematics: T1-Heel strike; T2 — Foot flat; T3 — Heel off; T4 - Toe
off; T5 — Heel strike.

(Figure 1). The distal fibres tend to shorten more and act at
greater pennation angles than the more proximal fibres. The
fibres also shorten more during running compared to walking
so that they can produce the forces required to support the
body and propel it upwards and forwards. A tendon stretch of
approximately 18mm and 25mm during walking and running
respectively was estimated. The maximum shortening speed of
the muscle tendon complex (6 muscle fibre lengths/s ) occurs
during the take-off phase of stance. However the muscle fibres
never exceed a shortening velocity of above 1.5 lengths per
second, even during running. This is a more optimal
shortening speed for both power output and efficiency. With
variations in grade, the stretch of the Achilles tendon and
hence storage of elastic energy is modulated by a change in
muscle fibre length. The muscle fibres respond to increases in
work demands by activating in an efficient manner to produce
the required power output.
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INTRODUCTION

The knee is the most used joint in the human body, and thus
often succumbs to injury due to trauma and/or aging. Such
trauma from accidents, and diseases commonly associated
with aging, such as arthritis, can cause pain, inflammation and
irregular function of the joint. Studying the knee allows for
improved understanding of its injury mechanics as well as
knowledge that can be used in improving chemical/surgical
treatment of the injured joint and the design of knee
prosthetics.

Using robots for in-vitro testing of the knee is less invasive
than in-vivo research while still being able to apply
physiologic conditions. The aim of this research is to develop
the control theory for controlling a robot to apply physiologic
load/motion to the cadaveric knee in order to determine the
role and function of each of its structures.

METHODS

An industrial parallel robot (Parallel Robotic Systems Corp.,
NH, USA) is used, while the knee is described using the
floating axis system as described in [1,2,3]. The knee is
manipulated by manipulating the tibia (secured to the robot)
about the femur (secured to ground) (Figure 1). Local co-
ordinate systems are defined through digitizing of the
proximal tibia, distal femur, end-effector and load cell.
Position and load control programs were then written in
Matlab 7.0 to track the mathematical transformations between
the systems in order to control the robot kinematics with
respect to the knee kinematics and load cell kinetics [2,4].
These programs allow the user to specify either knee
kinematic targets or knee kinetic targets respectively.

Both programs were verified using linkage systems that
modeled the knee. The position control and load control
programs were tested using artificial constructs.

RESULTS AND DISCUSSION

The position control program can reach the target knee
kinematics within 0.1° and 0.0lmm. To incorporate the
floating axis description of the knee, the program recalculates
the position/orientation of the floating co-ordinate system after
every 0.2° and 0.1mm increment of knee motion. This allows
for a step-wise generated position path for the end-effector
that can be saved and replayed in a more fluid fashion.

Currently, the load control program can reach the target knee
kinetics within 3N and 0.5Nm. Kinetics read at the load cell
(secured to the femur) are mathematically transformed to the
knee co-ordinate system to represent the knee kinetics [4].
Target knee kinematics are then calculated using its kinetics
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Figure 1: Testing set-up. Tibia is
secured to the parallel robot (top) and the
femur is grounded (bottom).

and a compliance matrix. When the knee reaches the desired
kinematics, its kinetics are checked, the compliance matrix is
updated; if necessary, new target knee kinematics are set and
the process reiterates until the target kinetics are reached.

The position and load control programs are stepping stones for
a hybrid control program that simultaneously controls both
knee kinematics and kinetics to enable physiological joint
loading. This program will allow the user to specify which
degrees of freedom are controlled in load and which in
position, and is currently being developed.

CONCLUSIONS

Preliminary tests confirm that knee kinematics and kinetics
can be controlled independently using the commercial robotic
system. When hybrid control programming is complete,
physical testing using cadaveric knees will begin.
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INTRODUCTION

The normal range of scapular rotations during arm elevation of
healthy subjects significantly varies from one study to another.
Some factors suggested to explain this variation include
differences between studies in the kinematic definition of
scapular movements. For example, Karduna et al. have shown
that, when calculating motion of the scapula, altering the
sequence of rotations has a major impact on the magnitude of
the estimated scapular motion in each plane [1].

The International Shoulder Group (ISG) has proposed
standard definitions of the joint coordinate system for the
reporting of shoulder motion to allow a better comparison of
results between studies [2]. However, the impact of using
different local coordinate reference systems and different
methods of calculation when characterising scapular
movements remains to be investigated. The objective of this
study is to compare the 3D scapular attitudes (3DSA) obtained
when using two different local coordinate systems and two
different methods of calculation of relative movement.

METHODS

In a seated position, the 3DSA of both shoulders of 15 healthy
subjects (mean age 37.8 £ 13.2 years) were measured in two
shoulder positions: 70° of flexion and 90° of abduction. The
3DSA was calculated using the Optotrak Probing System
(Northern Digital Inc., Waterloo, Ontario, Canada). For each
trial, three non-collinear bony landmarks on the scapula
(trigonum spinea, angulus inferior and angulus acromialis) and
on the trunk (C7 spinous process and the right and left
postero-superior iliac spines) were digitized.

Two methods of calculation of relative movement were used
to determine the 3DSA. First, the 3DSA with the arm in
elevation was calculated with respect to the position of the
scapula with the arm at rest; and secondly, the 3DSA was
calculated with respect to the trunk. 3DSA were also
calculated using the local coordinate reference system
proposed by the ISG [2] and by Hébert et al. [3] (Figure 1).
The mean of the 3DSA of the 30 shoulders was used to
compare the methods of calculation and reference systems. A
t-test was performed to evaluate the differences.

Z(X forISB) AT

Figure 1: Local coordinate reference system proposed by ISG
(left) and Hébert et al. (right)

RESULTS AND DISCUSSION

Altering the method of calculation has the most significant
impact on the magnitude of the scapular rotations calculated
(Table 1A). This finding is not surprising since the two
methods are so different. One method calculates the
displacement of the scapula from its position at rest, while the
other calculates the changes in the orientation of the scapula
with respect to the trunk. When interpreting findings from
different studies in which different methods of calculation
were used, one must be careful to make comparisons.

Using different local reference systems has less impact on the
3DSA, except in medial-lateral rotation for the method with
respect to the trunk (more than 45°) (Table 1B). In this latter
plane of movement, the differences in the orientation of the y-
axis seem to have brought important changes of attitudes.

These results support the ISG recommendations to adopt
standards for joint coordinate systems and method of
calculation to allow a better comparison and benchmarking
between studies. However, as there is so much variability
between methods and systems, the choice of standard
parameters must be based on their capacity to best characterise
normal and abnormal patterns of movement.
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Table 1: Differences of 3DSA between A. methods of calculation of relative movement and B. local coordinate reference systems

A. Methods of calculation: Scapula at rest vs. Trunk B. Local reference system: Hébert et al. vs. ISG
LCRS of Hébert et al. LCRS of ISG MC w.r.t. Scapula at rest MC w.r.t. Trunk

Difference (°) p Difference (°) P Difference (°) p Difference (°) p
Flexion A-PT 15.0 <.0001 12.7 <.0001 1.2 0.004 1.1 0.0004
70° L-MR 41.8 <.0001 5.6 <.0001 1.6 0.01 45.8 <.0001
Pro-Ret 27.5 <.0001 31.0 <.0001 0.0 0.59 35 0.0001
Abd A-PT 23.0 <.0001 22.6 <.0001 0.4 0.44 0.0 0.84
90° L-MR 38.8 <.0001 9.2 <.0001 0.5 0.54 47.5 <.0001
Pro-Ret 34.1 <.0001 353 <.0001 0.0 0.71 1.2 0.15

Abbreviations: A-PT, anterior-posterior tilting; L-MR, lateral-medial rotation; Pro-Ret, protraction-retraction; w.r.t., with respect to;
LCRS, local coordinate reference systems; MC, method of calculation of relative movement; Abd, abduction.
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INTRODUCTION

Despite postural control being a multi-degree-of-freedom
mechanical system with highly redundant actuators [1], recent
research has demonstrated that postural sway fluctuations like
fluctuations present in many other biological systems are not
random but rather have order [2]. Unlike traditional linear
measures which can mask patterns present during postural
sway, nonlinear analysis measures can characterize this order.
Quantifying these patterns could enable the pinpointing of the
precise contributions of sensory input and the improvement of
rehabilitation methods [3]. Our aim was to compare the ability
of traditional linear measures to nonlinear measures in
differentiating between sitting and standing in the presence or
absence of visual information.

METHODS

Eleven healthy young adults were asked to 1) stand quietly on
a force platform (10 Hz) looking forward (STAND), 2) sit in a
yoga style position directly on the force platform with their
hands in their laps (SIT), and 3) sit upright on a stool (base
32x34 cm, height 75 cm) placed in the middle of the force
platform with their arms to their sides and their feet not
supported by the ground or the stool (SITSTOOL). Each
position was maintained for five minutes and repeated three
times with eyes open and three times with eyes closed. The
coordinates of the center of pressure (COP) in the medial-
lateral (ML) and anterior-posterior (AP) were calculated for
each trial. Then, the unfiltered COP coordinates were analyzed
using Chaos Data Analyzer Professional software to calculate
four nonlinear measures (Correlation Dimension CoD,
Lyapunov Exponent LyE, Hurst Exponent H, and the
Lyapunov Exponent after the time series were surrogated
SLyE) [2]. To calculate H, all data were first integrated. To
calculate our nonlinear measures, we first reconstructed the
state space by estimating the embedding dimensions (ED). ED
is a measure of the number of dimensions needed to unfold a
given attractor. This parameter was calculated with the Tools
for Dynamics software [2]. We also calculated five linear
measures (Root Mean Square RMS, Mean Distance MD, Total
Excursion TE, Mean Velocity MV, and mean Total Excursion
per second TEt) [5]. Statistical analysis was performed by
either paired t-tests or ANOVA with further post hoc analysis
when necessary.

RESULTS AND DISCUSSION

No significant differences were found for ED (mean=4.83).
Thus ED equal with 5 was used for all subsequent nonlinear
calculations. Our results showed that postural sway
fluctuations for all postures examined had deterministic nature
(paired t-tests; mean LyE=0.245, SLyE=0.268, p<.0005). A
system is shown to have deterministic nature (orderly
fluctuations), if the LyE is positive and is significantly
different than SLyE [2]. We also found a mean H=1.005331
with no significant differences between conditions or
directions (paired t-tests). H is a measure of persistence
(memory) of a given fluctuation in a time series. This H value
suggests that the deterministic patterns in posture have long
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range memory similar to the 1/f noise found in heart rhythms
[4]. We also found that nonlinear measures were able to better
differentiate between sitting and standing. LyE (a measure of
local stability, higher stability equals smaller LyE) in the ML
and CoD (a measure of degrees of freedom) in ML and AP
demonstrated significant differences between STAND and SIT
(p=.002, p=.002, p=.003) and STAND and SITSTOOL
(p=.007, p<.0005, p=.003). Significant differences were also
found between STAND and SIT in the linear measures of TE,
MYV, and TEt in the AP (p=.034, p=.034, p=.034) and TE,
MV, TEt, and MD in the ML (p=.004, p=.004, p=.004,
p=-004, p=.020). In addition significant differences were
exhibited between SIT and SITSTOOL for the linear measures
TE, MV, and TEt in the AP (p=.001, p=.001, p=.001) and ML
(p=-002, p=.002, p=.002). Curiously, no differences were
found in the linear measures between STAND and SITSTOOL
which suggests that it was the distance from the center of
gravity to the force platform that influenced the linear
measures, rather than characteristics of the COP time series
itself. Also, while the linear measure values were different,
they measured the same relationships (identical p values).
However when differentiating between vision conditions the
nonlinear measures performed poorly while the linear
measures demonstrated some differences. Only RMS and TEt
in the ML showed significant differences between eyes open
and closed (p=.036, p=.018). However significant interactions
were found in TE, MV, and TEt in both AP (p=.04, p=.038,
p=.038) and ML (p=.018, p=.018, p<.0005) and LyE in ML
(p=.027). With the exception of TE and TEt in the AP, these
interactions were the result of the eyes open values being
larger than the eyes closed values during STAND, while the
eyes open and eyes closed values were the same in both sitting
conditions. This may be due to differing use of sensory
information, while maintaining upright standing vs. sitting.
There was also a discrepancy in the general trends found in the
data. MD and RMS in AP, CoD and H in ML increased from
eyes open to eyes closed, while TE, MV, LyE, CoD, and H in
AP and RMS, MD, TE, MV, and LyE in ML decreased from
eyes open to closed. This is not altogether surprising as Chiari
et al. [5] found that while most subjects’ sway increases with
their eyes closed, there exists a second class of individuals
who sway less with their eyes open. In conclusion, the results
demonstrated that posture is deterministic and persistent and
that nonlinear tools are able to pierce into the structure of
posture. However, more work needs to be done to determine
whether these tools can contribute to sensory understanding.
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INTRODUCTION

Laparoscopy, a form of minimally invasive surgery (MIS), has
revolutionized the treatment of abdominal pathologies. The
advent of robotic surgical systems, such as the da Vinci™
Surgical System (dVSS), have further improved MIS by
adding three-dimensional viewing [1] and increasing dexterity
[2]. However, it is necessary to train and evaluate surgeons on
the usage of the robotic system. The current means of
evaluating surgical performance, while using a robotic
surgical system, are limited to task completion time and
number of errors [2, 3] or subjective evaluations. To our
knowledge, no studies have examined physiological measures
of the surgeons during performance of robotic surgical
techniques. Especially, how training affects such physiological
measures is unknown. This study seeks to determine how
physiological measures, in the form of electromyography,
change during training with dVSS.

METHODS

Fifteen right-handed novice dVSS users performed and/or
practiced three tasks: bimanual carrying (BC), needle passing
(NP), and suture tying (ST). BC required simultaneously
picking up two rubber pieces and placing them 50 mm away.
NP required passing a 26 mm surgical needle through 6 holes
in a latex tube. ST required tying three intracorporeal knots
with a surgical suture. All tasks mimicked actual laparoscopic
tasks that require significant bimanual coordination. Subjects
were randomly assigned to either a training (T) or a control
(C) group. The experiment was performed over a period of
four weeks and consisted of one pre-training test (PRE), 6
training sessions, and one post-training test (POST). Surface
electromyography (EMG) was recorded (1000Hz) from 4
muscles: flexor carpi radialis (FCR), extensor digitorum (ED),
biceps brachii (BB), and triceps brachii (TB). Frequency
power spectrums for each muscle were calculated using Fast
Fourier Transforms. Median frequency and bandwidth were
compared using a mixed two-factor (group by testing session)
ANOVA for each muscle and for each task.

RESULTS AND DISCUSSION

Median frequency was larger for POST for three muscles
(FCR, BB, and TB) during the BC task and for one muscle
(FCR) during the ST task (Figure 1). This increase was
independent of group. This is not surprising considering that
our previous work has found that significant decreases in task
completion time are possible even after one training session.
Furthermore, the increase in median frequency may be due to
a reduction in muscle fatigue, since it has been shown that
decreases in EMG frequency are associated with muscle
fatigue [4]. It was also found that when a significant difference
in median frequency or bandwidth was found, it occurred in
muscles that would predominately be used for the given task.
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Figure 1: EMG Median Frequency grouped by PRE/POST training for
Bimanual Carrying and Suture Tying tasks. A diamond indicates significance
(p<0.05) between PRE and POST training.
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Figure 2: EMG Bandwidth grouped by PRE/POST training for Needle Passing
and Suture Tying tasks. A diamond indicates significance (p<0.05) between
PRE and POST training.

During the BC task, median frequency increased for the
muscles used for grasping (FCR) and arm movements (BB and
TB). Likewise, the median frequency for the FCR increased
POST-training during the ST task, a grasping intensive task.
The EMG frequency content is also directly related to the
conduction velocities of recruited motor units [5], i.e., the
types of motor fibers that are recruited. Therefore, frequency
bandwidth may be a representation of the range of motor units
that are recruited. For the more complex tasks (NP and ST),
we found that POST bandwidth increased for the muscles that
are required to perform the respective tasks (ED for NP, FCR
and BB for ST; Figure 2). It is likely that different motor units
are recruited during different phases of the task depending on
the complexity of each phase. In conclusion, an evaluation of
the physiological demands of robotic laparoscopic surgery can
provide us with a meaningful way to quantify performance
and skill acquisition.
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INTRODUCTION

The triceps surae (TS) muscle group plays a key role
during postural control and physical activities in humans. It is
well known that disuse (e.g. spaceflight and bed rest) induces
deconditioning of the TS muscle group. We demonstrated that
the neuromuscular adaptation took place in the TS muscle
group during fatigable exercise after 20-d bed rest [1].
However, it is not well known whether this adaptation may
occur during moderate fatigable exercise in this muscle group.
The purpose of this study, therefore, is to elucidate change of
function in the TS muscle group during both moderate
fatigable and fatigable exercises after disuse using muscle
functional magnetic resonance imaging (mfMRI) and surface
electromyography (EMG) techniques.

METHODS

Five subjects participated in this study. The subjects were
remained a 6 degree head-down tilted bed during 20 days, they
were not permitted to be in any weight-bearing posture and all
physical activities were kept to a minimum during this period.
mfMRI (spin echo, TR 1500 ms, TE 25/70 ms) of the medial
and lateral gastrocnemius (MG and LG, respectively), soleus
(Sol) muscles was measured at rest and immediately after 25
repetitions (moderate fatigable, 25-rep Ex) and 50 repetitions
(fatigable, 50-rep Ex) of unilateral calf-raising exercises [1].
Transverse relaxation time (T2) of the TS muscle group was
measured as an index of neuromuscular properties. EMG
activity (sampling rate: 1 kHz, band-pass filter: 20 to 450 Hz)
was recorded from the MG, LG, Sol, and tibialis anterior (TA)
muscles during 25-rep Ex and 50-rep Ex. Raw EMG signals
was rectified and root mean squares was calculated. EMG
activity was presented as the ratio of the last three repetitions
to the first three repetitions. All data are presented as means
and standard deviation. A one-way ANOVA and the Newman-
Keuls was used for comparison.

RESULTS AND DISCUSSION

There was no significant change in resting T2 due to 20-d
bed rest (Fig. 1). Overall, the T2 of the TS muscle group
significantly increased with increase of the number of
repetitions (Fig. 1). In the MG, Sol muscles, and TS muscle
group, the T2 change was significantly higher after bed rest
than before bed rest at 25-rep Ex and 50-rep Ex (both P <
0.05), suggesting a greater number of muscle fibers were
involved in performing during 25-rep Ex and 50-rep Ex under
the same absolute load [1, 2].

EMG activity of the Sol muscle and TS muscle group
during 50-rep Ex was significantly higher after bed rest than
that of before (Fig. 2, P < 0.05). No any significant changes of
EMG activity were found in the MG, LG, and TA muscles.

We conclude that a short period of disuse affects on muscle
function during moderate fatigable exercise as well as
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Figure 2: EMG activity of the TS muscle group
during unilateral calf-raising exercises before and
after 20-d bed rest. 1: P < 0.05 vs 25-rep Ex, a: P <
0.05 pre vs post.

fatigable exercise, and that the functional adaptation is
muscle-specific in human calf.
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INTRODUCTION

Delayed posttraumatic vertebral collapse (Kimmell’s
disease) is a rarely reported, poorly documented, and poorly
understood phenomenon. Schmorl and Junghanns [1] and
Resnick and Niwayama [2] supported and defined the
delayed vertebral collapse as a form of vertebral
osteonecrosis. Based on the Symptoms, radiographies, and
MRI findings from 129 patients, classification of the
Kiimmell’s disease has been studied by Li et al in 2004 [3].
Three stages of the disease were found. The object of this
study is to understand the stress distribution of vertebral
body with various levels of vertebral collapse. The
comparison of stress distributed on the vertebral body can be
a good reference to the development of three-stage
classification system.

METHODS

A three-dimensional finite element model of the intact
vertebra was developed. There were 5334 nodes and 25720
elements in this intact model. Four zones of materials,
including cortex, cancellous bone, posterior elements and cleft
element, were assigned. Various percentages of cancellous
bone in other models were excavated to simulate different
levels of vertebral collapse (Fig.1). Totally, twenty-two
models with various sizes of intravertebral clefts, including
0% (intact), 1%, 2.5%, 5%, 10%, 15%, 20%, 25%, 30%, 35%,
4096, 45%, 50%, 55%, 60%, 65%, 710%, 75%, 80%, 85%,
90% and 95% clefts in vertebral height. Nodes under the
inferior end plate of vertebral body were fixed as the boundary
condition under loadings. A 1000 N compression was evenly
loaded on the superior end plate. In addition to compression,
flexion and extension condition were also simulated by
loading a 5 N-m torque. The von Mises stress distribution on
vertebra was compared among vertebral models with various
collapses.

RESULTS AND DISCUSSION

In compression, the maximal von Mises stress in vertebra was
much higher than intact and distributed at the bilateral corners
of the intravertebral cleft inside the superior endplate (Fig. 2).
Comparison among models with various sizes of clefts
showed that there were three zones on the curve of maximal
von Mises stress along increasing sizes of clefts (Fig. 3).
Vertebral collapses with 10 % and 80 % clefts were two
transitional points on this curve. In flexion and extension,

curves with a similar trend were also found. On the other hand,

high stress also concentrated at the posterior cortex behind the
cleft.

Three-stage classification has been established by Li et al. The
stage I was defined as when the plain x-rays or MRI revealed
osteonecrosis signs in vertebral body. The stage II was that
body collapsed with intact posterior cortex of body. The stage
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Figure 3: The ratio of maximal von Mises stress in vertebral
body with various collapses to the intact under compression.
The 0 % of vertebral collapse represents the intact.

III was that posterior body cortex collapsed with cord
compression. Treatment for each stage was different.

This finite element simulation has shown that the level of
stress distributing on vertebral body depended on the size of
the intravertebral cleft. Especially, there were three stages in
the relation curve between the maximal stress and cleft’s size.
This becomes a biomechanical evidence to support the clinical
finding of three-stage classification for the Kiimmell’s disease.

CONCLUSIONS

From view points of pathological and biomechanical
progress, three-stage classification system is probably
appropriate to the diagnosis of Kiimmell’s disease.
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INTRODUCTION

In walking the human body is never in balance. Most of the
time the trunk is supported by one leg and the center of mass
(CoM) is never above some base of support. According to the
inverted pendulum model, when support is on the left leg we
should fall to the right, and vice versa [4].

Recently it has been shown [2] that in dynamical situations the
velocity of the CoM should be acknowledged. The center of
pressure (CoP) should be outside the ‘extrapolated COM’

(XcoM), where XcoM = CoM + velocity of CoM / oy.
Parameter is @y, the pendulum frequency, @) =./g / [.If

this condition is not met, the CoM will traverse the CoP
position and ‘fall’ to the wrong side, e.g. to the left of the left
foot.

METHODS

CoP position and temporal data were recorded by a treadmill
with built-in force transducers [3]. Left-right CoM and XcoM
position were computed by filtering the CoP data [1].

Subjects were six above-knee amputees, ages 32-50 yr, with
prosthesis for 6-40 years, and six matched healthy controls.
They walked at 1 m/s for 2 min.

RESULTS AND DISCUSSION

Amputees showed asymmetric gait with shorter stance (60%)
at the prosthetic side vs. 68% at the non-prosthetic side and a
wider stride (13 + 4 cm, mean *s.d.) compared to controls (8
3cm). At foot placement CoP was just outside of the XcoM,
see Figure 1. The margin between average CoP and XcoM at
foot contact was only 1.6 + 0.7 cm in controls. In amputees
this margin was clearly different between the prosthetic side
(2.7 £0.5cm) and at the non-prosthetic side (1.9 + 0.6cm).

Next to this ‘stepping strategy’, CoP position was corrected
after initial contact by modulating the lateral foot roll-off
(‘lateral ankle strategy’) in non-prosthetic legs up to about 2
cm. Finally there are indications that in prosthetic walkers
trunk movements also contribute to balance (‘hip strategy’).

The inverted pendulum model can explain that 1) a less
precise foot placement (greater CoP-XcoM margin) results in
a wider stride, and 2) a greater margin at one side, as with a
leg prosthesis, should be compensated by a shorter stance
duration to achieve a straight path.
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Figure 1 Detail of a recording of CoP, CoM and XcoP in
walking at 1 m/s in a subject with a left A/K prosthesis. XcoM
shows a maximum ‘max. XcoM’ when the right foot is
initially positioned at u;,;, After placement the normal right
foot corrects itself to achieve an average CoP position ums,
sufficiently far from the XcoM. Note stereotypical CoP
patterns for left (prosthetic) foot, compared to right.

CONCLUSIONS

Foot placement in walking should be remarkably precise to
achieve a reasonably narrow and straight path, although some
additional correction by ankle- and hip strategy is possible. In
patients with a one-sided disability leading to less precise foot
placement, as in prosthetic walkers but possibly also in stroke
patients, this must be compensated by a shorter stance. Maybe
in these patients symmetric gait should not be an aim of

rehabilitation.
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INTRODUCTION

Analysis of trunk motion consists of a complementary test,
which includes the diagnosis and follow-up of patients with
low back pain [1,2]. The information provided by the analysis
usually shows significant reduction in trunk mobility or
functional compensatory behavior. Measuring three-
dimensional spine motion in able-bodied subjects and patients
with LBP, this study was undertaken to determine: a) if trunk
motion and particularly coupling motions were perturbed in
LBP patients, which trunk segments are mostly affected, and
b) whether or not trunk rigidity was reduced after eight weeks
of physiotherapy.

METHODS

The fourteen subjects with low back pain who participated in
this study had an age of 33+7.3 years, height of 17249 cm and
weight of 70.9+£15.6 kg. The thirteen able-bodied subjects who
participated in this study had an age of 35.1+9 years, height of
17510 cm and weight of 68.5+9.7 kg. Data were collected
using a four-camera high-resolution motion analysis video-
based system while subjects were performing five principal
movements, namely, right and left lateral bending and
rotations as well as forward trunk flexion. The amplitude
differences of the principal movements and the coupling
motions of trunk and thoracic and lumbar segments of the
able-bodied subjects and LBP patients were determined using
ANOVA with a threshold of p < 0.05.

RESULTS AND DISCUSSION

The absence of a difference in the principal motions leads us
to believe that there is no limitation of movement because no
significant difference was observed between the able-bodied
subjects and the patients before and after treatment.
Significant differences, however, were observed in the
coupling motions between the control subjects and the group
of the LBP subjects before treatment (Figure 1).
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Figure 1: Maximum coupling in rotation for the lumbar segment
during lateral bending of the trunk.
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The difference for the coupling motions in rotation at the
lumbar level during the principal movements of extension was
29% between the able-bodied subjects and LBP patients.
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Figure 2: Maximum coupling in bending of the trunk during trunk
rotation.

The significant differences in the coupling in lateral extension
were recorded at the thoracic level for the principal rotation
motion, as indicated in Figure 3. During lateral bending, the
coupling rotation at the lumbar level was reduced by 27% in
the patient group before treatment while the same group had a
50% reduction in the thoracic coupling bending motion.
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Figure 3: Maximum coupling in bending of the thoracic segment
during trunk rotation.

CONCLUSIONS

No indication appeared to locate trunk rigidity in patients with
LBP. Reduction in the coupling motion can be expected for
LBP patients before treatment. The rigidity might also be
manifested for the coupling motions for the segments having
the most mobility during the principal motions being executed.
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INTRODUCTION

Three-dimensional (3D) finite element (FE) analysis is used to
determine stress and strain distributions in bone in order to
predict fracture risk and design orthopaedic implants. Many
studies have used computed tomography (CT) data to supply
data about geometry and material properties to FE models
[1-5]. Both custom-built and commercial segmentation
programs have been used to determine the complex bone
shape. Yet, few studies have reported the geometric accuracy
of the segmentation methods [6-7]. Therefore, the goal of the
current study was to determine the accuracy of surfaces
created from the visible human (VH) CT data using custom-
made and commercial segmentation software programs.

METHODS

The National Library of Medicine’s Visible Human (VH) male
computed tomography (CT) and cryogenic standardized data
sets were used in this study [8]. Two different methods were
used to segment both the right (R) and left (L) femurs of the
VH CT data. One method uses the custom-made border
tracing algorithm, which was developed as part of the
HIPCOM project [7], to segment the bones. This method
extracts a closed contour as an object, which is an ordered
sequence of adjacent pixels. Specifically, once a starting point
and direction is located by the user the algorithm searches the
eight neighboring points to determine the pixel with intensity
greater than or equal to the current pixel. Polygonal surfaces
are interpolated from the resulting stack of contour curves.
This method is also used to segment the cryogenic VH data.

The second method uses the commercial software Mimics
(Materialise, Ann Arbor, MI) to segment the bones. Within
this software the primary segmentation command was
‘Thresholding’. The ‘Thresholding’ feature allows the user to
specify an upper and lower bound from a range of Hounsfield
values, which is known to be related to density. Further
processing is uses the ‘Edit Masks” commands of ‘Draw’ and
‘Erase’. These commands were only used when needed to fill
holes or detach one mask from another.

Polyworks Inspector 8.0.8 software (InnovMetric, Sainte
Foye, QC) was used to compare models. The perpendicular
distance between points of the CT models and the surface of
the cryogenic model was determined. These distances were
then used to determine the mean, standard deviation,
minimum, and maximum separation distances.

RESULTS

Initial comparisons found no difference between the cryogenic
STL and IGS models (L: 0.02 £ 0.11 mm), therefore only the
cryogenic STL models were used for the subsequent
comparisons. For confidentiality, labels A and B are used to
identify the segmentation methods. Method A created models
smaller than the cryogenic models (R:-0.29 + 0.99 mm;
L: -0.37 £ 0.62 mm) (Figurel). Method B created models
larger than the cryogenic models (R: 0.46 £ 0.61 mm; L: 0.42
+ 0.60 mm) (Figure 1).
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Figure 1: Mean distance and standard deviations between VH
cryogenic and CT models created using custom-made and
commercial segmentation software.

CONCLUSIONS

The current study reported a smaller mean error (-0.3—0.5mm)
compared to a previous study (0.6-0.9 mm) [6]. In addition,
this study reported a higher range in standard deviation
(0.6 — 1.0 mm) than a previous study (0.3 mm), which also
reported a peak error of 1.5 mm [7].

The current study reported the accuracy of two segmentation
methods, while developing a protocol for validation of models
created from CT data. This protocol determines the accuracy
of a segmentation method using the internationally accessible
VH CT data set. This study assumed that the segmented
cryogenic VH data set was the gold standard for comparison.
A similar method of validation can be used for solid geometry,
mesh geometry, and FE deformations and stress. This
protocol provides researchers with a method to accurately
compare modeling methods created to predict fracture failure
or to design orthopeadic implants.
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INTRODUCTION

Gait analysis offers detailed kinematic and kinetic assessments
of multiple segments and joints. A single condition gait
analysis report often includes over 60 graphs of individual
segments and joints in multiple planes. The method presented
assimilates all kinematic or kinetic gait data from one plane
into a single area graph. Deviations from normal are assigned
unique colors, creating multi-joint patterns.  This visual
integration of color patterns uniquely highlights pathologic
data in a reproducible manner and facilitates accurate and
relevant interpretations of gait analyses.

METHODS

A retrospective review of subjects with a primary diagnosis of
Cerebral Palsy resulted in 7 patients for whom bilateral
hamstring lengthening only was recommended, and 4 patients
for whom bilateral gastrocsoleus lengthening only was
recommended. The deviations from normal of these two
groups were calculated for each frame of data and each
joint/segment in a fashion similar to Manal, et al [1]. The
deviation (d) was calculated from the pathological average
(Xp), the normal average (x,), and the normal standard
deviation (sd,), using the equation d = (X, - X,)/ sd,.

The trunk and ankle data were plotted horizontally at the top
and bottom of the area graphs. The pelvis, hip, and knee data
were plotted horizontally with 20 vertical data points between
them and adjacent joint data. A continuous gradient of
deviations was calculated for the areas between joints. The
deviation gradient (d,) was calculated for each frame using the
inferior joint deviation (d;) and the superior joint deviation (d;)
with the equation d, = d; + g*(d - d;)/20, where g is the
gradient position above the inferior joint (1 to 20).

Each deviation was assigned a color based on a gradient of 56
colors from red (+3 deviations) to violet (-3 deviations).
Green was normal (0 deviations). Red was indicative of
excessive anterior trunk/pelvic tilt, hip/knee flexion, and ankle
dorsiflexion. Violet was indicative of excessive posterior
trunk/pelvic tilt, hip/knee extension, and ankle plantar flexion.
A total of 8500 data points were assigned colors (85 points
high by 100 points wide).

RESULTS AND DISCUSSION

In the hamstring-lengthening-only group (Figure la) the
predominant patterns were excessive knee flexion at initial
contact, excessive ankle dorsiflexion at weight acceptance,
and excessive knee flexion during mid-stance. There was
mild ankle plantar flexion during mid-stance and
hyperextension of the knee during mid-swing.

In the gastrocsoleus-lengthening-only group (Figure 1b) the
predominant patterns were excessive knee flexion at initial
contact, excessive ankle plantar flexion during mid-stance,
excessive knee extension during mid-swing, and excessive hip

flexion during late swing. There was a mild increase in ankle
dorsiflexion during weight acceptance, and an increase in
pelvic anterior tilt during mid-stance and early swing.
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Figure 1: a) Hamstring Lengthening, b) Gastroc Lengthening

CONCLUSIONS

This method of displaying gait analysis data has the advantage
of displaying area patterns, which result from multi-joint as
well as single joint deviations. The resulting shapes, as well
as colors, are indicative of particular pathologies and
corresponding interventions. The excessive knee flexion
pattern during mid-stance in the hamstring lengthening group
(Figure la) as well as the knee flexion at initial contact
“pouring” into the ankle are characteristic patterns of this
population. Likewise, the “chair-like” shape of the ankle
plantar flexion/knee extension pattern during mid-stance in the
gastrocsoleus lengthening population (Figure 1b) is both
indicative and unique.

This method treats gait data as though they are "connected"
from one joint to another, rather than disconnected line graphs.
Interpretation and integration of the data is still required.
However, the patterns assessed are not isolated to single joints
and are typical of multi-joint pathologies.

Each clinician has his/her own preferred method of integrating
and interpreting gait data. For those who find it difficult to
integrate 5 graphs, let alone 60, this method offers an
alternative presentation style of data for analysis. Having both
color and shape in “zones” from the ankle to the trunk is a
potentially useful alternative. The process of applying this
method to individual subjects with combinations of
pathologies has been enlightening. In doing so we have
discovered combinations of the patterns discussed herein as
well as new patterns that were not appreciated through more
traditional presentation styles of gait data.
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INTRODUCTION

Arthritis and other chronic joint conditions are the leading
cause of disability in older adults. Changes in locomotor
patterns with age [1-3] and disability [4] may be caused by
neuromuscular adaptations, which alter segmental kinematics
and kinetics through reorganization of muscle firing patterns
to compensate for primary mobility impairments. However,
the underlying neuromuscular adaptations that arise from
idiopathic, age-related impairment and musculoskeletal
pathology are not well understood. The purpose of this study
was to explore the underlying mechanisms of gait disorder
among older adults, and determine which kinematic and
kinetic variables best discriminate between young and old
healthy adults, and between healthy and disabled elders.

METHODS

Ankle, knee and hip peak angles, moments and powers in the
sagittal plane were acquired during gait in 120 subjects: 45
healthy young (HY), 37 healthy elders (HE), and 38 disabled
elders (DE) with functional limitations due to lower-extremity
musculoskeletal pathology (primarily arthritis). MANCOVA
with discriminate analysis, statistically controlled for gait
speed, identified the wvariables that discriminate between
young and old healthy adults, and between healthy and
disabled elders. Correlation analysis was used to explore
interrelationships among these variables within each group to
identify possible mechanisms underlying gait dysfunction
among older adults.

RESULTS AND DISCUSSION

Eight variables strongly discriminated among groups (Figure
1). HE subjects were discriminated (sensitivity 76%,
specificity 82%) from HY subjects via decreased late-stance
ankle plantar flexion angle (AR2), and increased late-stance
knee power absorption (KP4) and early-stance hip extensor
power generation (HP1). DE subjects were discriminated
(sensitivity 74%, specificity 73%) from HE subjects via
decreased late-stance ankle plantar-flexor moment (AM2) and
ankle plantar-flexor power generation (AP2), and increased
early-stance ankle dorsi-flexor moment (AM1), late-stance hip
flexor moment (HM2), and late-stance hip flexor power
absorption (HP2). Among the eight variables, the number of
significant (p<.005) correlations increased with age and
disability: there were 5 for HY, 7 for HE, and 13 for DE
groups. For the DE group, late-stance hip flexor power
absorption and hip flexor moment were more tightly coupled
to other kinematic and kinetic variables than for healthy
groups.

The data suggest that gait changes caused by lower extremity
impairment, manifest differently than do gait changes from
aging alone. Beyond age-related changes, elders with lower-
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Figure 1. Strength of discriminate functions.

extremity dysfunction rely excessively on passive hip flexion
torque to provide propulsion in late-stance, probably to assist
with advancement of the swing leg, and ankle dorsi-flexors of
the contralateral limb, probably to enhance trunk stability.
This compensatory strategy probably increases hip joint
stresses, leading to increase OA incidence [5] and promoting
hip/trunk muscle overuse and thus fatigue. Furthermore, weak
or fatigued ankle muscles could jeopardize control of the body
center of mass, and increase risk of falling. Relationships
among the biomechanical variables showed a higher degree of
coupling for the DE subjects compared to the HY and HE
subjects, suggesting reduced flexibility to alter motor
strategies.

CONCLUSIONS

This work supports a growing body of evidence that
pathological gait changes from age and disability have a
neuromuscular basis, which may be informative in a motor
control framework for physical therapy interventions. Study of
physical therapies, such as optimal functional training, ie,
practicing more healthy and younger gait strategies, aimed at
reducing the dynamic coupling among neuromuscular control
parameters is warranted.
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INTRODUCTION

Knowledge of the nonlinear-elastic properties of soft tissues is
essential for the development of reliable finite element models
for biological systems. The compressive nonlinear-elastic
properties of soft tissues are usually determined using
unconfined compression tests. To determine the nonlinear-
elastic behavior of skin and subcutaneous tissues using a
conventional approach, the skin and subcutaneous tissues have
to be separated before testing [1,2,3]. Using such an approach,
measurement errors may be increased as a consequence of the
reduced specimen dimensions and cumulative experimental
errors. In the present study, we propose a novel method to
determine the nonlinear-elastic behaviors of the skin and the
subcutaneous tissues simultaneously using specimens of
skin/subcutaneous composites.

METHODS

If two unconfined compression tests (labeled A and B) are
performed with specimens of different skin/subcutaneous
tissue height ratios ()% and ), two different stress-strain
relationships will be obtained (Fig. 1a). At the same stress
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Figure 1: Schematics of the stress/strain relationships of soft
tissue samples with different height ratios of skin and
subcutaneous tissues. (a) Two samples; (b) Multiple samples

level, the total tissue strains can be obtained from these two
distinct stress/strain relationships. Assuming that the tissue
samples A and B are taken from two adjacent locations, the
mechanical characteristics of the skin and subcutaneous
tissues in specimen A should be similar to those in specimen
B. Consequently, for a given stress, the strains in the skin (&)
and in the subcutaneous tissues (&) for specimen A should be
identical to those for specimen B. Therefore, the strains in the
skin and subcutaneous tissues for a given stress can be solved
from:

' =yle +yje,, e’ =yle +yje, (1)
Because of scattering of test data of soft tissues, multiple
unconfined compression tests are to be performed using tissue
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Figure 2: (a) The stress/strain curves of the eight unconfined
compression tests using skin/subcutaneous composite specimens.
(b) The stress/strain curves of the skin and subcutaneous tissues
obtained using the proposed method.

samples with different skin/subcutaneous height ratios (as
sketched in Fig. 1b). The stress/strain curves of skin and
subcutaneous tissues are derived from stress/strain curves of
the skin/subcutaneous composite soft tissue specimens using a
least square method. In the present study, a total of eight
samples of skin/subcutaneous composite were used. Tissue
samples were collected from the palmar surface of the front
feet of a pig (Landrace-Y orkshire-Duroc hybrid).

RESULTS AND DISCUSSION

The stress/strain relationships for the eight unconfined
compression tests were found to depend on the height ratio of
skin/subcutaneous tissue — the specimens with a higher ratio of
skin/subcutaneous tissue tend to produce a stiffer stress/strain
curve (Fig. 2a). Using the proposed approach, the stress/strain
relationships of skin and subcutaneous tissues were derived
(Fig. 2b).

CONCLUSIONS

Compared to conventional test procedures, our method offers
the advantages that the skin and subcutaneous tissues do not
need to be separated prior to testing, and that the soft tissue
composite specimens reflect physiological loading conditions
much more accurately than testing of isolated skin and
subcutaneous tissues. Using the proposed approach, material
properties of soft tissues can be obtained in a cost- and time-
efficient manner, which simultaneously improves the
physiological relevance.
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INTRODUCTION

Using traditional experimental methodologies [1,2,3], the skin
has to be separated from the subcutaneous tissues in order to
determine the tissues’ viscoelastic properties. Thus, the
complex collagen fiber network in soft tissue could be
damaged when the skin is separated from the subcutaneous
tissue. Therefore, the viscoelastic properties of the skin and
subcutaneous tissues measured using isolated samples may be
different from those in physiological conditions. The purpose
of the present study is to estimate the viscous behaviors of the
skin and the subcutaneous tissues using composite tissue
specimens.

METHODS

In a creep test using a specimen of skin/subcutaneous tissue
composite, dependence of the total tissue strain [&#)] on the
strain contributions from skin and subcutaneous tissues is
derived as:

8(0)=7,6.(0)+7,8,(1) @

where y and y are the skin and subcutaneous tissue thickness
ratios, respectively. The corresponding normalized creep
function of the tissue composite [/(?)] is related to those of skin
and subcutaneous tissues [j(f) and ji(?)] by:
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Figure 1: A: The stress relaxations of skin/subcutaneous
composite specimens. B: The corresponding normalized creep
functions.
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Figure 2: A: The normalized creep functions of the skin and
subcutaneous tissues. B: The corresponding stress relaxations.

corresponding stress relaxation functions using

inverse

Laplace transformations. The proposed procedure has been
applied to determine the viscous properties of the skin and
subcutaneous tissues of pig. The tissue samples were collected
from the palmar surface of the front feet of a pig (Landrace-
Yorkshire-Duroc hybrid).

iH=aj@0+p i )

where « and S are parameters depending on the thickness
ratios and elastic stiffness of the skin and subcutaneous
tissues. If two creep tests (A and B) are performed using
specimens of different thickness ratios of the skin and
subcutaneous tissues, they will result in two distinct creep
curves. Assuming that these two tissue samples are taken from
two locations close to each other from the same animal, the
mechanical characteristics of the skin and subcutaneous
tissues in specimen A should be similar to those in specimen
B. Therefore, the normalized creep functions of the skin and
subcutaneous tissues [(2) and j(?)] can be solved from:

JO" =a,j () + B () 3)

RESULTS AND DISCUSSION

The six stress relaxation tests were conducted under
unconfined compressions using tissue specimens of different
skin/subcutaneous thickness ratios (Fig 1A). The stress-
relaxation curves have been converted into their corresponding
normalized creep functions (Fig. 1B). Using the proposed
procedure, the creep and stress-relaxation curves of the skin
and subcutaneous tissues were derived, as shown in Figs. 2A

JOF =a,j () + Byj, (1)

Because of scattering of test data of soft tissues, multiple tests
are to be performed using tissue samples with different
skin/subcutaneous thickness ratios and the equations are to be
solved using a least square method. Viscoelastic properties of
soft tissues in compression are usually obtained via stress
relaxation tests, because the stress relaxation tests are,
technically, much easier to perform than the creep tests. The
proposed procedure is composed of four steps: (1) perform
stress relaxation tests using skin/subcutaneous composite
specimens, (2) convert the stress relaxation functions to the
corresponding creep functions using Laplace transformations,
(3) determine the creep functions of skin and subcutaneous
tissue using the proposed method, and, finally, (4) convert the
creep functions of the skin and subcutaneous tissues to their
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and B.

CONCLUSIONS
Using the proposed test procedure, we can simultaneously
estimate the viscous properties of the skin and subcutaneous
tissues without separating them prior to testing, such that the
soft tissue composite specimens reflect physiological loading
conditions more reasonably than the specimens of isolated
skin and subcutaneous tissues.
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INTRODUCTION

Injury to articular cartilage is thought to be one of the
initiators of osteoarthritis.  One possible mechanism of
cartilage degeneration is that cells are killed due to impact.
The resulting metabolic load on the remaining cells prevents
them from properly maintaining the extracellular matrix,
leading to matrix degeneration that further impairs the ability
of the cartilage to support normal loads leading to further
degeneration. Most impact models have used -cartilage
explants. The validity of taking cartilage out of its natural
environment and testing isolated sections is suspect. The only
other in vivo impact model in an intact joint has looked at
mechanical properties of the cartilage after impact and not
biological markers such as cell viability (Haut et al. 1995).
The purpose of this study was to look at cartilage viability at
different impaction energies in an in vivo rabbit model.

METHODS

14 New Zealand white rabbits were used for this study.
Rabbits were injected with acepromazine and then
anaesthetized with isoflurane. They were mounted in a
custom stereotaxic frame where their hips were pinned and
experimental knee supported at approximately 90°. In 13
rabbits, the patella was subjected to either 0J, 2.5J, 5J or 7.5J
impacts by dropping a weight from a specific distance. One
rabbit knee was subjected to 10 >5J impacts. Cartilage from
the patella and the loaded portion of the femoral groove was
harvested 24 hours later and 50 um full thickness sections
were prepared with a vibratome. Slices were stained with
Syto 13 and Ethidium Bromide and were then viewed under a
fluorescent microscope and photographed with a digital
camera. Live (green) and dead (red) cells were counted with a
custom cell counting program.

Figure 1: Impact set-up showing impactor in approximation
to the rabbit’s patella.

RESULTS AND DISCUSSION

Cell viability in the first 13 rabbits ranged from 72 -86%. Ten
Impacts of the patella caused cell viability to drop to 57%.
There was a trend that cell death was occurring more at the
intermediate and middle layers than the superficial layer.

Figure 2: Two sample patella sections. The left section was
subject to 10 impacts while the right section was a control
(0J).

The cell viability protocol used was not sensitive enough to
detect differences between the single impact conditions. This
was due to high baseline cell death and variability in cell death
in all samples including controls. Impact of the cartilage of
one knee 10 times resulted in a much more consistent level of
cell death throughout the samples.

Cell Viability After Impact

100

80

60 — O Patella
40 - B Femur

Cell Viability (%)

20 1

0J 2.5] 5] 7.5]  5)x10
Impact Energy

Figure 3: Cell viability for each impact energy.

CONCLUSIONS

Cell viability testing needs to be refined to reduce variability.
Future studies will look at cell viability using a confocal
microscope to minimize artefacts from cutting the tissue.
Despite problems with variability, it appears that cartilage is
much more robust in vivo than in vitro explants tests have
suggested.
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INTRODUCTION

In order to restore devitalized teeth, modern restoring
techniques in Dentistry use an external element, the
intraradicular post, as a retention system for the material used
in the tooth restoration to be carried out later.

Although non-metallic posts are being increasingly used,
metallic posts continue to be the standard for most situations
because they have stood the test of time [1]. Different aspects
of the post design have been studied [2,3,4], but the influence
of the post length on the mechanical strength of the restored
tooth is lacking. The aim of this work was to study how the
prefabricated metallic post length affects the biomechanical
performance of restored teeth.

METHODS

A combined theoretical and experimental method was used to
analyze the influence of post length (from 3 to 14 mm) for the
ParaPost Stainless Steel (Colténe/Whaledent Inc, Ohio, USA).

First, an experimental fracture strength test was performed
over thirty extracted human teeth. The purpose of this test was
to analyze the differences in strength between the post systems
with different post lengths. The teeth were decoronated,
treated endodontically and restored with stainless steel posts.
The specimens were placed in a retention device and mounted
on the universal testing machine. This device allowed the teeth
to be loaded on the palatal side at an angle of 30° to the
radicular axis, in the vestibular direction. A controlled loading
force was applied to the teeth at a rate of 5 N/s, until failure.
Three group lengths were considered based on the post length
to root length ratio: ‘short’ (<0.5), ‘normal’ (0.5 to 0.8) and
‘long’ (>0.8). The loading force (N) required to cause failure
was recorded and the results for the groups were compared by
using an ANOVA test.

Secondly, the finite element technique was used to develop a
3D model of the restored tooth. The model allowed us to study
the stress distribution pattern on the restored tooth under
external loads, for the different post lengths considered. The
stress distribution pattern provided information about the
fracture mechanism of the restored tooth. To generate the
geometry, measurements were taken on 40 extracted human
maxillary central incisors: cervico-apical height and mesio-
distal and vestibulo-palatal diameters at both cervical and
medial root heights were recorded. Mean values from these
measurements defined the geometry of the tooth used for the
study. Finally, the results from the fracture strength test were
used to check the validity of the finite element model and the
results from the simulations.
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Figure 1: Box-whisker graphs showing spreads of failure
load values for the groups of studied specimens.

RESULTS AND DISCUSSION

From the experimental fracture strength test, no significant
differences (p=0.3>0.05) were observed between the failure
loads of the different groups (short, normal and long) of teeth
restored using stainless steel posts. Box-whisker graphs
showing spreads of values in the data sets can be observed in
Fig. 1. Restored teeth showed a fracture of the core along the
juncture with the post, on the vestibular side.

The model of the restored tooth predicted similar stress
distribution and peak stresses for the different post lengths
considered, which agrees with the ANOVA test results. And a
stress concentration was predicted along the interface of the
post with the composite core, according to the failure mode
experimentally observed.

CONCLUSIONS

It has been experimentally proved that the biomechanical
performance of teeth restored with stainless steel posts present
a low dependency on post length. This is an important finding
because the length of the post has a significant effect on its
retention. The more apically the post is placed in the root
canal, the more retentive it becomes [2,3]. However, it may
not always be possible to use a long post, especially when the
remaining root is short or curve.

The experimental results corroborated the estimations from the
developed model, thus validating the model. The proposed
model could be a useful tool for studying the influence that
different post design variables have on the biomechanical
performance of restored teeth, by means of simulations.
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INTRODUCTION

Head repositioning accuracy is commonly evaluated in
patients with Whiplash-associated disorders (WAD). Most
frequently, only neutral repositioning is assessed [1-4]. Only
sparse data on repositioning in remote postures in available
[5,8]. Similarly, only a few studies considered the components
of HRE in all planes of space. Some bi-dimensional studies
are available [1,3], but only one reported three-dimensional
information [4] without comparing planes of motion.

In this study head repositioning accuracy in patients with
WAD was compared to that obtained in healthy controls. A
comparison between different repositioning tasks is proposed.

METHODS

29 patients suffering from WAD (age: 37, SD 14, years, 18
females) and 26 healthy subjects (control, age: 35, SD 11,
years, 14 females) were recruited. Of the WAD patients, 71%
had a grade III injury and 29% a moderate (grade I or II)

injury [6].

Active head kinematics was sampled using a 3D-
electrogoniometer (CA 6000 SMA, O.S.I., Union City, CA,
USA) mounted using a harness at the level of Thl and a
helmet on top of the head [7]. The tasks consisted of neutral
position repositioning tasks after maximal flexion-extension
(FE) and of repositioning tasks in pure axial rotation (right and
left of 50°) and complex postures (50° right or left axial
rotation combined to a 20° ipsi-lateral bending). The former
was carried out with eyes open (EO) and blindfolded (BF), the
two latter only in blindfolded conditions. Four repetitions were
requested for each condition. No feedback was given to the
subject before the end of the entire test session.

For neutral repositioning tasks, head repositioning error
(HRE) in each plane was computed as the absolute difference
between initial head position and the final head position after
stabilization (Figure la), and the maximal overshoot in each
plane, not discussed here. For rotation and complex posture
repositioning tasks, HRE in each plane was computed as the
absolute difference between the end posture reached during
the guided trial and that reached during repositioning trials
(Figure 1b). A multiple-way repeated-measures ANOVA was
used to compare tasks, motion components and groups.
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Figure 1: Repositioning parameters for (a) neutral and

(b) complex remote repositioning tasks

RESULTS AND DISCUSSION

The HRE values found in the present study are comparable to
those reported previously [4,6,7], although some authors
found larger values [2,3,8]. These differences could be
attributed to methodological differences. HRE was
significantly increased (p=0.009) in the WAD group as
compared to controls (Table 1), confirming several previous
studies [3-7], but not all [3,8].

The primary plane HRE was significantly larger than out-of-
plane HRE both for neutral (p=7.1x10%) and remote
(p=3.0x10") repositioning tasks, confirming previous work
[7,8]. Neutral repositioning tasks displayed better head
repositioning accuracy than remote repositioning tasks
(p=6.3x10""). The primary component HRE during neutral
repositioning was of the same order of magnitude as the out-
of-plane component HRE during remote repositioning in
rotation. For neutral repositioning tasks, HRE was larger in
blindfolded conditions (p=0.03). A significant interaction
between task complexity and component was obtained for
remote repositioning tasks (p=1.1x10""). Specifically, lateral
bending HRE was increased when task complexity was larger,
probably due to task difficulty and to the fact that lateral
bending is not an out-of-plane component in this task.

REFERENCES

1. Heikkila H, et al. Arch Phys Med Rehab 79, 1089-94, 1998.
2.Revel M, et al. Arch Phys Med Rehabil 72, 288-2-91, 1991.
3.Rix GD, et al. Arch Phys Med Rehabil 82, 911-9, 2001.

4. Treleaven J, et al. J Rehabil Med 35, 36-43, 2003.
5.Loudon JK, et al. Spine 22, 865-8, 1997.

6. Spitzer WO, et al. Spine 20, 2S-738S, 1995.

7.Feipel V, et al. Clin Biomech 14, 462-70, 1999.

8. Kristjansson E, et al. Clin Rehabil 17, 768-74, 2003.

Table 1: Head repositioning errors for neutral and remote repositioning tasks.

Neutral repositioning tasks

Remote repositioning tasks

BF EO Pure Complex
HRE component (°) WAD Control WAD Control WAD Control WAD Control
Flexion-extension 35(24) 2.1(2.0) 2.3(1.8) 1.8(1.6) 22(1.1) 2.0(.3) 2.8(1.4) 2.5(.0)
Lateral bending 0.8(0.6) 0.4(0.3) 0.5(0.6) 0.5(0.5) 1.9(1.0) 1.7(0.5) 3.7(L.8) 3.1(L.8)
Axial rotation 1.1(1.1) 0.6(0.5) 0.6 (0.6) 0.7 (0.6) 7.8(3.7) 5.6(3.8) 5.53.6) 4.9(2.1)
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INTRODUCTION

Deformability of red blood cells is an important parameter to
maintain blood circulation, because cells have to deform to
pass through capillary. Sublethal damage on red blood cells
might occur through artificial blood pumps, before hemolysis

[1].

METHODS

A parallel-disk type of counter-rotating rheoscope system has
been designed and manufactured. In the system, Couette-type
shear field is induced in the fluid between two counter-rotating
disks, which are made of transparent silica glass. The rotating
speed was regulated with a stepping motor, which is
controlled by a computer. The shear rate, which is calculated
from the velocity deference between two disks, is constant
regardless of the distance from the disk. A red blood cell can
be observed under shear without translational movement,
when it is suspended at the stationary plane in the middle part
of the shear field.

A red blood cell deforms from biconcave to ellipsoid in
Couette-type of shear field. Deformation of the red blood cell
was quantified with an elongation index (E), which was
calculated from dimensions of the major (L) and minor (W)
axes by E=(L-W)/(L+W). E becomes zero in a sphere (L=W),
and approaches to unity as the deformation advances (L>>W).
The elongation index (E) was plotted as a function of shear
stress (S), and the fitting exponential curve was calculated by
E=C(1-exp(-S/R)), where C is the critical elongation and R is
the shear stress responsiveness. Both large C and small R
indicate large deformability.

A concavo-convex Couette flow system has been designed to
damage red blood cells under shear [2]. In the space between
a stationary convex cone and a rotating concave cone, the
sample blood was sheared in a uniform shear field, where the
shear rate is constant regardless of the distance from the axes
of rotation. Variation was made on shear rate with the
rotational speed of the convex cone.

Human blood was drawn from volunteers with anticoagulant
of ethylene-diaminetetraacetic acid and sheared for one hour
at the shear rate of 640 per second at twenty degrees Celsius.

Before measurement of deformation, the cells were classified
according to the density by a centrifugation method [3]. The
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Figure 1: Pattern diagrams of system.

phthalate ester solution with controlled density was used as a
separator.  After separation, the red blood cells were
suspended in a dextran aqueous solution to separate each other
and exposed to the high shear stress (<6 Pa) field at low shear
rate.

RESULTS AND DISCUSSION

The experimental results shows, that the lighter cells are more
compliant than heavier cells and that density of cells increased
after exposure to shear fields, although cells of each density
level keep their deformability.

One of the advantage of a parallel-disk type of counter-
rotating rheoscope system is that a red blood cell deforms in
the shear field without contact to the surface of wall, which
gives effects to the deformation of the red blood cell.

CONCLUSIONS
The designed system has enough sensitivity to detect sublehtal
damage of red blood cells with deformability.
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INTRODUCTION

In addition to myotendinous force transmission, force exerted
by the sarcomeres can be transmitted between the muscle and
surrounding inter- and extramuscular connective tissue, i.e.
myofascial force transmission [1]. Proof of such epimuscular
force transmission is a difference in force exerted at the origin
and insertion of a muscle [2]. For fully activated muscle,
myofascial force transmission has been shown to be important
for muscle properties. However during in vivo motion, firing
frequency may vary (in rat EDL muscle between 10 and 60 Hz
[3]). Therefore, effects of submaximal stimulation frequencies
on myofascial force transmission were investigated for fully
recruited rat extensor digitorum muscle (EDL).

METHODS

Male Wistar rats were anaesthetized and the anterior crural
compartment was exposed. Proximal and distal tendons of the
extensor digitorum muscle (EDL) and the tied distal tendons
of the complex of tibialis anterior and extensor hallucis longus
(TAEHL) were severed and connected to force transducers.
Fully recruited EDL and TAEHL muscles were stimulated at
10, 20, 30 and 100 Hz. The TAEHL complex was kept at
constant length, and length-force characteristics after distal
lengthening of EDL were determined at the distal and
proximal tendons.

RESULTS AND DISCUSSION
At lower firing frequencies, significant proximo-distal EDL
force differences exist, indicating epimuscular force

transmission (e.g. Fig. 1). Maximal absolute EDL proximo-
distal active force differences were highest at 100 Hz ( F.
prox =0.4 N). However, the percentual difference (Fig. 2) was
highest at 10 Hz ( F = 30 %F ). Firing frequency dependent
shifts of EDL optimum muscle length were found, although
proximally and distally assessed effects of firing frequency
differed quantitatively. After distal EDL lengthening, TAEHL
distal isometric active force decreased progressively with a
peak decrease at 100Hz ( Fgom initiat = - 0.25 N). However, the
highest percentual decrease was found for 10 Hz stimulation
( Ffmm initial — - 40%)

CONCLUSIONS

Myofascial force transmission becomes more important at
lower submaximal firing frequencies: with a decreasing firing
frequency, relatively more force is transmitted myofascially
relative to the myotendinous path. Evidently, at progressively
lower firing frequencies, the stiffness of epimuscular
myofascial paths of force transmission decreases less than the
stiffness of serial sarcomeres and myotendinous pathways. It
is therefore concluded that low firing frequencies as
encountered in vivo, enhance the relative importance of
epimuscular myofascial force transmission with respect to the
myotendinous force transmission.
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Figure 1: EDL proximal and distal length force characteristics
at 20 Hz, as a function of EDL muscle-tendon complex length,
increased by distal EDL lengthening ( l,. EDL dist),
expressed as deviation from 100 Hz distal optimum length.
Error bars represent standard errors.
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Figure 2: Effects of firing frequency and EDL muscle-tendon
complex length on the proximo-distal difference in active
force, normalized for distal optimum active force (Fp,0 (1), and
passive force (normalized for distal 100 Hz optimum force).
Error bars represent standard errors.
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INTRODUCTION

Complete pars fracture is one of clinical conditions of
spondylolysis and it can lead to spondylolisthesis or
degenerative disc disease (DDD) [1]. Double pars fractures
(DPF) commonly occur at L4-L5 due to traumatic in
juvenile years, whilst occurring at L3-L4 in the elderly from
degenerative change. Double pars fracture may decrease
spinal stability and more so if complicated with DDD.
Posterior instrumentation with cages may restore the
biomechanical strength of the spine. Some studies
biomechanically compared the spondylolysis fixation
techniques [2, 3], but rare comprehensive biomechanical
studies on DPF have been reported. The purpose of this
study is to compare biomechanically the performance of
fixation techniques for the repair of double spondylolytic
defect in the pars interarticularis.

METHODS

Eighteen fresh-frozen and thawed porcine lumbar L2-L6
spines were used for mechanical testing. In addition to the
control group, DPF group was created by making 2-mm wide
defects in the pars interarticularis bilaterally at L3 and L4
using a power saw. Disectomy in combination with the DPF
procedure resulted in a DPF&DDD group. The TPS group
used transpedicular screw system (TPS) to stabilize DPF
defects. The D2TPS group used TPS system to stabilize the
spine of DPF&DDD. The D2TPSC group used TPS and
interbody cages to stabilize the spine of DPF&DDD. The
biomechanical properties were estimated and compared
amongst six groups (Fig. 1). Motion segments were mounted
and tested on a MTS machine. A series of loadings, including
flexion, extension, lateral bending, torsion, and compression,
were applied, respectively. The axial stiffness test for this
study was 0-250 N compression at the displacement rate of 25
mm/min. In other rotational testing, the torque was 2.5 N-m
and the load rate was 25 mm/min [4].

RESULTS AND DISCUSSION

In flexion, DPF had a significantly smaller stiffness (0.55 +
0.02 N-m/deg) than the intact control group (0.68 + 0.03 N-
m/deg). With TPS fixation, the stiffness was increased
significantly (Fig. 2). In extension, DPF had a significantly
smaller stiffness than the intact group. With any kind of
stabilization, stiffness was increased significantly. In lateral
bending, DPF&DDD group had a less stiffness than controls.
In compression, DPF and DPF&DDD gradually decreased
the stiffness compared to controls. In torsion, DPF and
DPF&DDD significantly reduced the intact stiffness. With
fixation of TPS or cages, the stiffness was significantly
greater than DPF group. In almost all testing, D2TPSC group
had the higher stiffness than other groups.
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Intact DPF  DPF&DDD DPF&TPS D2TPS  D2TPSC

Figure 1: Diagram of 6 groups of device-spine constructs.
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Figure 2: Comparison of flexion stiffness (N-m/deg).
* significantly different from data of Intact group (p < 0.05)

Double pars fracture is occasionally found in clinical practice.
The treatment depends on the symptoms if DDD and stenosis
is severe, decompression and posterior instrumentation is
indicated. This study focused on the degenerative situation.
Therefore, the facet screw or hook-screw system is not
included.

CONCLUSIONS

Double pars fracture significantly reduced spinal stiffness.
For spine with double pars fracture only, TPS could retain
the intact stiffness. However, TPS seems not to stabilize
spine with DPF and DDD. The cage possibly restored the
stiffness decreased by the disc degenerative disease in all
spinal motion.
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INTRODUCTION

The study concerns the regeneration of skeletal tissues (bone,
cartilage, tendon, and ligament). It is possible to initiate, in
vivo as well as in vitro, mesenchymal tissue regeneration,
involving progenitor cells. This process recapitulates some
cellular event of embryonic skeletal formation. If progenitor
proliferation and differentiation pathways can be controlled, it
is conceivable that a functional joint may be regenerated. The
goa of this study is to analyse the mechanical factors
regulating locally mesenchymal cell proliferation and
differentiation pathways towards functional skeletal tissues
production. Thiswork is afirst step to analyse undifferentiated
cellsasfar as bone regenerated.

Experimental studies in vivo and in vitro are developed. This
combined approach associating mechanical and biological
analyse of the cellular events provides a powerful tool in
understanding the regulation mechanisms of functional tissue
engineering in vivo and in vitro.

METHODS
Our in vivo experimental studies were coupled together with
in vitro experimental studies to be used in numerica
modelling. Very few authors have studied the mesenchymal
tissue [1, 2] because it is very difficult to analyse this soft
tissue before its maturity. A process of skeletal tissue
regeneration was initiated by a vascularized periosteal flap
transfer in New Zealand white rabbit. Time between the
initiation of the regeneration process and the first explants are
7, 14 and 21 days (Figure 1). Fresh samples were preserved in
the formal dehyde.

Regenerated tissue at
7 days

Regenerated tissue at
21 days

Regenerated tissue
at 14 days

Figure 1: Regenerated tissue
We developed an experimental INSTRON device which was
used to analyse the mechanical properties of bones and
ligaments [3 and 4]. This device is adapted to analyse the
behaviour of the regenerated tissues. Samples were attached
by a cable. They were tested with tensile tests as far as failure
in order to characterize their mechanical properties and
include them in a numerica finite element model. The
displacement of the lower traverse beam was measured using
an LVDT sensor (Linear Variable Differential Transformer),
attached to the machine frame. The tensile load was measured
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by a strain gauge sensor with an uncertainty of measurement
of 1% on the upper traverse beam.

RESULTSAND DISCUSSION

From these results, the mechanical properties of compact bone
were deduced where failure occurred. Force-displacement
curve obtained for a 14 days sample (Figure 1) was divided
into four parts.

10 4

Force (daN)

O R N W A O OB N © ©

0 1 2 3 4 5 6 7 8 9 10 11 1‘2
Displacement (mm)
Figure1
The first part of the curve corresponds to the setting in tension
of the cables. On the second part of the curve the behaviour is
linear elastic. On the third part, one could observe that the
behaviour became non-linear, showing that the material was
damaged ductile. In the final stage failure occurred. The
damaging part of the bone behaviour is divided in two picks.
The first one represents the failure of a first fibre networks
congtituted by a soft material comparable to a cartilage. The
second one represents the failure of second fibre networks
which is more mineralised.

CONCLUSIONS

This study is a first step to analyze precisely the tissue
regenerated by immature cells. The second step is to
regenerate joint cartilaginous tissue because of the weak
potential of spontaneous repairing of these tissues. The
perspectives of thiswork concern the development of engineer
processes tissue allowing the production of cartilage implants,
and of biomaterials of joint resurfacing.
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INTRODUCTION

Rectified, low-pass filtered electromyography (EMG) has
been used with Hill-based musculoskeletal models to estimate
muscle force and joint moments (Hof & Van Der Berg, 1981).
However, it is rather difficult to find a set of neuromuscular
activation signals that, when input into such models, produce
coordinated movement simulation (Zajac, 1993). This may be
due in part to a non-linear response of muscle tissue to
activation. Recently, artificial neural network (ANN) models
have been used effectively to estimate joint torque in the
elbow (Luh et al., 1999; Wang & Buchanan, 2002), but no
studies have utilized ANN theory in prediction of lower
extremity torque. The purpose of this study was to develop an
initial model to estimate isokinetic joint torque produced at the
knee during concentric and eccentric contractions. It was
hypothesized that ANN mapping would accurately estimate
knee joint torque. Linear regression was performed for
comparison.

METHODS

Ten young adults (6 female / 4 male; 22.9yrs, 173.7cm,
72.3kg) were recruited for this study within the guidelines of
the University [.LR.B. All participants were determined to be
free of neuromuscular or orthopedic pathologies.

Maximal strength data were collected using a KinCom
dynamometer (Rehab World, Hixson, TN, USA). Isometric
flexor/extensor maxima were measured at 45°. Isokinetic
measures were taken through the knee’s functional range of
motion in a seated position at 30 and 60°/s. At each isokinetic
speed, concentric and eccentric contractions were recorded
(two each). Each subject was allowed two sub-maximal
practice trials for each joint function. Four total cycles were
collected for each direction and speed condition. Subjects
were verbally encouraged during each trial to promote
maximal motivation.

Joint position and velocity were recorded simultaneously with
torque data, at 100Hz. Additionally, EMG signals were
sampled at 1000Hz from the vastus lateralis and biceps
femoris with passive bi-polar surface electrodes using the
Myopac Jr. (Run Technologies, Inc., Mission Viejo, CA,
USA). EMG signals were bandwidth filtered (10-1,000Hz),
full wave rectified and smoothed with a 4™ order Butterworth
filter (low pass cutoff = 5SHz). Processed EMG signals were
then normalized to the maximal isometric activation.

With all acceptable trials compiled, there were 308 total cases
entered for analysis. Linear regression was conducted with
age, gender, height, weight, EMG (agonist, antagonist), joint

position and velocity as independent variables, and joint
torque as the dependent variable. The same inputs were
entered into a three-layer back-propagation ANN, with the
following settings: training proportion = 0.7, training error
goal (E) = 0.1, and hidden units (H) = 5,10,15,20. A bootstrap
re-sampling method (50 attempts) assessed each setting of
hidden units. Model accuracies were compared using the R-
values of each technique.

RESULTS AND DISCUSSION

Linear regression resulted in an R-value of 0.75. Prediction
accuracy for the ANN settings reached a maximum of 0.94
(ANN settings: E=0.1; H=10,15,20). Average R-values for
those settings were 0.93 (SD, 0.01). The number of epochs
needed for solution convergence at those settings averaged
from 447.8 (H=20) to 620.2 (H=10). Prediction accuracy was
not affected by the number of hidden units, however more
hidden units required fewer epochs for convergence (Table 1).

Results indicate that ANN mapping provides a more accurate
estimate of knee torque during maximal isokinetic (con/ecc)
testing. Performance of the ANN with minimal training
(E=0.1) indicates that prediction accuracy is likely without the
risk of ‘over-training’. Thus, the generality of this system
would be more likely to provide accurate estimation for a
separate sample of young adults.

CONCLUSIONS

Findings from this initial development of a knee torque
prediction model indicate that a more robust estimation of
joint torque from muscle activation may be possible using
ANN or similar techniques borrowed from the field of
computational intelligence. Future efforts will focus on
broadening the model to include sub-maximal torque
production in more joints and developing adaptive algorithms
for estimation of joint moments during locomotion.
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Table 1: Effect of hidden units on accuracy, and time to convergence; Mean + SD

H=5 H=10 H=15 H=20
Prediction Accuracy (R) 0.92 +£0.01 0.93 +£0.01 0.93 +0.01 0.93 £ 0.01
Time to convergence (Epochs) 978.9+94.2 620.2 +262.8 523.8 £208.6 447.8 £ 216.7
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Figure 1: Dynamic bias model.
CE, contractile element. K, s.e.c.,
6 COM angle, 6, bias exerted on
s.e.c. spring.

INTRODUCTION

In human standing the calf muscles soleus and gastrocnemius
actively prevent forward toppling about the ankles. It has
been generally assumed that these postural muscles behave
like springs with dynamic stiffness reflecting their mechanical
properties, reflex gain including higher derivatives, and central
control. We have used an ultrasound scanner and automated
image analysis to record the tiny muscular movements
occurring in normal standing and during large voluntary
sways. This new, non-invasive technique resolves changes in
muscle length as small as 10 microns without disturbing the
standing process. This technical achievement has allowed us
to test the long established mechano-reflex, muscle-spring
hypothesis that contractile element length changes in a spring-
like way during sway of the body.

METHODS

Ten subjects stood freely on a footplate that measured ankle
torque. Ankle angle was recorded using a laser range finder
reflected off the shin. Surface EMG were recorded from left
soleus and gastrocnemius. An ultrasound scanner (Esaote
Biomedica AUS5) recorded 40 s (1000 frames) of sonographs
focused on the distal aponeurosis of left soleus and
gastrocnemius. Image markers were placed on the proximal
and distal aponeurosis of the two muscles. Spatial cross
correlation was used to track the changes in position of these
markers throughout the 1200 frames. From the differential
movement of these markers continuous changes in the length
of the contractile element were calculated [1, 2].

Cross correlation was used to assess the relationship between
changes in muscle length and changes in CoM angle. A
simple model was constructed (Figure 1), incorporating a
spring for the s.e.c. of the calf muscles, a contractile element
for the muscles and a single mass for the body during standing
sagital sway. Using the model and measured values of ankle
torque and CoM angle, we computed the predicted cross
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correlation between muscle length and CoM angle for a
variety of values of s.e.c. stiffness. By comparing the actual
cross correlation with the predicted, we estimated the stiffness
of the s.e.c.

RESULTS AND DISCUSSION

The contractile elements are longest when the subject is
closest to the vertical and shorten as the subject sways
forwards (paradoxical movements). In quiet standing, muscle
length fluctuates at approximately three times the frequency of
body sway: on average, shortening during forward sway and
lengthening during backwards sway (Figure 2). This counter-
intuitive result is consistent with the fact that calf muscles
generate tension through a series elastic component (s.e.c.,
Achilles tendon and foot, Figure 1) which limits maximal
ankle stiffness to 92% + 20% (+ S.D) of that required to
balance the body (Figure2). The higher frequency of muscle
fluctuation is consistent with a central, impulsive controller

[3].
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Figure 2 Cross correlation between A soleus, B
gastrocnemius muscle length and centre of mass angle. Each
line represents the mean of 6 trials for one subject. C shows
the predicted correlation for a variety of values of s.e.c.
stiffness expressed relative to the load stiffness.. The time
lag is shown horizontally.

CONCLUSIONS

The intrinsic length-tension relationship of the calf muscles
partially stabilizes the human body in quiet standing while
leaving the body mechanically unstable. Stability and balance
is achieved by a higher level impulsive process that is poorly
correlated with CoM angle.
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INTRODUCTION

Paralysis of the primary trunk musculature likely contributes
to ineffective force application during wheelchair propulsion
[1]. Functional electrical stimulation (FES) as a modality to
improve trunk posture, balance and propulsion efficiency in
persons with spinal cord injury is currently under
investigation. In order to implement an effective stimulation
pattern during propulsion, an understanding of the muscle
activation patterns of core trunk musculature is necessary.
Therefore, the purpose of this study was to establish and
describe muscle activation profiles of selected back and
abdominal musculature during wheelchair propulsion using
surface electromyography (EMG).

METHODS

Subjects: Fourteen unimpaired subjects (12 male and 2
female) provided informed consent prior to participation in the
study. The average age, weight and height were 24.7+3.6
years, 69.3+14.3 kilograms and 1.734+0.07 meters respectively.

Experimental protocol: Bipolar, surface electrodes (Noraxon
Inc., Scottsdale, AZ) were placed over three abdominal
muscles (rectus abdominis: RA, external oblique: EO and
internal oblique: IO), and three back muscles (longissimus
thoracis: LT, iliocostalis lumborum: IL, and multifidus: MU).
Prior to the propulsion trials, ten seconds of maximum
voluntary contraction (MVC) EMG data were recorded during
maximal effort exercises for normalization purposes. Subjects
were asked to propel at a steady-state speed of 1.8 m/s for 20
seconds using a test wheelchair which was fitted bilaterally
with a SMART"™ (Three Rivers Holdings, LLC., Mesa,
AZ), and secured to a computer-controlled dynamometer with
a four-point tie down system. Real-time propulsion speed was
displayed on a computer screen in front of the subjects. A
three-dimensional motion analysis system (Northern Digital
Inc., Ontario, Canada) was synchronized with the SMART" !
and EMG system to record kinematics of the upper limbs,
propulsion forces and EMG activity during propulsion.

Data analysis: EMG data were sampled at 1000 Hz, full wave
rectified and smoothed with a 10-Hz low pass filter. EMG
voltages during propulsion were normalized as %MVC for each
muscle. Significant EMG activity was defined as activity with
an intensity of at least 5% MVC and for longer than 5% of the
propulsion cycle (PC). In order to compare muscle activity
across subjects, the time of the PC was normalized to 100%
and the push phase to 45% of the cycle for each subject (mean
push percentage for the groups). The push phase was further
divided into early push (0%—2% of PC) and late push (2%—
45% of PC), and recovery was separated into 3 subphases [2]
of follow-through (45%—53% of PC), hand return (53%—97%
of PC), and pre-push (97%—-100% of PC) according to hand
motion during an entire PC.
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Figure 1: The mean EMG profile of trunk muscles during a
propulsion cycle at speed of 1.8 m/sec

RESULTS AND DISCUSSION

During pre-push and early push phases, abdominal muscles
(RA, EO and 10), and back muscles (LT, IL, and MU) were
active and contracted to provide stability for the trunk while
delivering forces to the pushrim (Figure 1). While delivering
forces to the rim during late push phase, back muscle activity
declines allowing the trunk to lean forward in pushing. During
recovery phase (follow-through/hand return), back muscle
activity gradually increased to move the trunk upright and
abdominal muscles activated to prepare for the next stroke in
the late phase of hand return and pre-push.

CONCLUSIONS

Our findings indicate that back and abdominal muscles both
showed high activity levels during the pre-push and early push
phase. This synchronized activation may provide trunk
stability and prevent the trunk from moving in opposition to
the arms when applying forces to the pushrim [3]. Researchers
can use this profile of trunk muscle activation to develop a
muscle stimulation pattern that will increase trunk stability
and improve propulsion efficiency of manual wheelchair users
with spinal cord injury.
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INTRODUCTION

To control dextrous manipulation of mechanical 5-digit hands,
the engineers should know the interrelations existing between
the individual digit forces and moments during the
performance [1]. The information obtained on humans can be
useful in this case. When manipulating hand-held objects,
people can grasp them with different forces. In this study, we
address the following question: does the pattern of individual
digit forces depend on the grip force magnitude? Subjects
were asked to keep an instrumented handle with minimal
effort and then double the grip force. The following questions
are addressed: (a) Does doubling the total grip force double
the individual digit forces? (b) Does the sharing percentage of
normal forces among the fingers depend on the total force
magnitude? (c) Does the percentage contribution of the normal
and tangential forces into the total moment exerted on object
depend on the grasping force magnitude?

METHODS

Seven right-hand-dominant subjects were required to stabilize
in the air an instrumented handle (575 g) using prismatic grip
(the tips of the fingers and thumb oppose each other). Four
clockwise (negative) and four counterclockwise (positive)
torques and one zero torque were applied to the handle. Five
six-axis force-torque transducers (Nano-17, ATI Industrial
Automation, Garner, N.C.) were mounted on the handle to
measure the digit forces. The experiment had two phases.
First, the subjects were instructed to hold the handle vertically
with minimal normal (grip) force for 3 s. The computer
recorded the force and then set a target force level at the
double value. Visual feedback on the grip force and on the
target force was provided on the computer screen. The
subjects were instructed to squeeze the handle until the grip
force matched the target. The second phase lasted 17 s.

RESULTS AND DISCUSSION

The doubling of the grip force induced complex changes of
the both normal and tangential digit forces (Figure 1). After
grip force doubled, the percentages of the individual finger’s
contribution to the grip force at all torque values changed
(Figure 2) although the changes were minimal at the zero
torque. The contribution of antagonist fingers (fingers
producing moments in the direction of the external torque)
increased (e.g. during supination efforts of 460.6 Nmm, the
contribution of the little finger changed from 6% to 13%, see
Figure 2). The doubling of the grip force also affected the
percentage contribution of the normal and tangential forces
into the total moment production: the contribution of the
moment of the tangential forces increased (e.g. during
supination efforts of 460.6 Nmm, the contribution of the little
finger changed from 38% to 55%).
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Figure 1: Force polygons. The polygons are obtained by
adding tail-to-head the individual forces. Starting from the
upper left corner the following forces are shown: gravity,
the thumb, index, middle, ring and little finger force.
Ideally, in static conditions the polygon should close.
Representative example: external torque is zero.
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Figure 2: Exemplary little finger’s contribution to grip
force at different external torques before and after
doubling the grip force. Error bars show standard errors.

CONCLUSIONS

The increase of the grip force magnitude during prehension
results in increased percentage contribution of (a) the normal
forces of antagonist fingers into the total grip force and (b) the
moment of the tangential forces into the total moment exerted
on the object.
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INTRODUCTION

In humans, occupational use of vibrating hand tools leads to
the development of neural and vascular damage. The goal of
this study was to use the rat tail model to characterize the
biodynamic response of the tail tissue to different vibration
frequencies, and to determine what physiological changes
occur in the vascular and neural systems of the tail after a
single exposure to vibration.

METHODS

Male Sprague Dawley rats (6 weeks of age) were used for all
experiments. Vibration exposures were performed by
restraining rats in a Broome-style restrainer. Elastic straps (12
mm wide), located every 3 cm down the length of the tail,
were used to hold the tail to a platform without compressing
the tissue. The platform was attached to a shaker that produced
a controlled, vertical vibration stimulus. The amplitudes of the
tail and platform vibrations were measured down the length of
the tail using a scanning laser vibrometer. The normalized
magnitude (i.e., transmissibility) of the tail vibration was
calculated by dividing the measured amplitude of the tissue
vibration by the measured amplitude of the platform vibration.
Measurements were made a number of frequencies (Figure 1).

The vascular and neural response of the tail to a single 4 h
exposure to vibration (125 Hz, 49 m/sec’ r.m.s.) was also
measured to determine if the acute responses of the tail to
vibration were similar to those of the human finger. The
vascular responses assessed included tail temperature and
luminal perimeter. The current perception threshold (CPT)
procedure was used to assess the sensitivity of different nerve
fiber types by measuring the response of the animals to
electrical stimuli of different frequencies.

RESULTS AND DISCUSSION

The magnitude of the tail vibration was greater than the
magnitude of the platform vibration at 125-250 Hz (Figure 1).
However, the amplified response of the tissue to vibration at
these frequencies only occurred in the unrestrained portions of
the tail. At 63 Hz, the amplitude of the tail vibration was
approximately equivalent to the platform vibration at all
locations.

The vascular response of the rat tail to acute vibration was
similar to the effects that have been reported in humans.
Immediately following the exposure, the tail temperature of
both control and vibration exposed rats was reduced (mean +
SEM, control pre 26.4 + 0.52 and post 22.4 + 0.33; vibrated
pre 26.3 £ 0.51 and post 22.3 £ 0.02), suggesting that restraint
caused a vasoconstriction in all rats. Tail temperatures in both
groups of rats returned to pre-exposure levels 15 min
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Figure 1: Normalized amplitude of the tail vibration vs. input
frequency. The most proximal point on the tail is #1 on the x-
axis and * represent un-restrained regions of the tail (N = 2).

following the end of the exposure. However, the internal
perimeter of the ventral tail artery was significantly smaller in
rats exposed to vibration than in control rats (546.93 + 51.5
and 747.33 + 55.7 uM). Therefore, even though skin
temperatures recovered, there was a maintained constriction in
the tail artery of rats exposed to vibration.

CPT measurements demonstrated that the sensitivity of the AB
fibers to 2000 Hz stimulation was significantly reduced (i.e.
increased stimulus needed to induce a response) in rats
exposed to vibration, but increased in the controls (Figure 2).
The AP fibers carry vibrotactile information from sensory
organs to the nervous system. All rats demonstrated slight
increases in sensitivity to stimulations of 250 Hz (AP fibers)
and 5 Hz (C fibers).

CONCLUSIONS

The acute biodynamic and physiological responses of the rat
tail to vibration are similar to the responses seen in human
fingers (1-3). Future studies will use this model to understand
the effects of repeated vibration on soft tissue damage.
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INTRODUCTION

We performed a retrospective survey among experienced tap
dancers that suggested a relatively low injury prevalence and
occurrence rate (0.31/1000 exposures) among the surveyed
cohort.! A literature search revealed no information
concerning biomechanical aspects of tap dance. To explain the
findings of our injury survey, we hypothesized that tap dance
might produce less musculoskeletal stress (forces and/or
moments) than other dance and sporting activities and initiated
a biomechanical analysis by measuring landing forces in a
group of experienced tap performers.

METHODS

Six experienced professional tap dancers (3 male and 3
female, mean age 24.5 + 10.6 years) were recruited. All
subjects were injury-free, actively performing when tested,
and signed an informed consent.

Four tap dance sequences (flaps, cramprolls, pullbacks, and a
subject-selected virtuoso sequence) were repeated 4-8 times
within each condition with both feet on the force platform.
Three-D kinematic and kinetic data were acquired with a 5-
camera motion analysis system (Vicon, Oxford Metrics Ltd,
Oxford UK) at 120 Hz and force platform (AMTI, Advanced
Mechanical Medical Technology, Inc., Watertown, MA) at
1080 Hz. A full body marker set, comprised of 39 reflective
spherical markers 25 mm in diameter, was used to create an
11-segment model.

Peak amplitude Fx (sagittal plane), Fy (frontal plane) and Fz
(vertical plane) forces (N) were calculated for each of the four
conditions, and normalized to body weight (BW). Means for
each kinetic variable were calculated for each subject to
minimize intra-subject variability. Descriptive statistics were
then calculated for each condition. Separate between-group
(gender) t-tests were calculated for each condition (p < 0.05).
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RESULTS AND DISCUSSION

Between-group t-tests were not significantly different for any
condition, so results for all subjects were merged for analysis.
Mean peak Fx and Fy for the six subjects were insignificant (<
1.0 BW) for all conditions. For flaps, Fz ranged from 1.16 to
1.96 BW, (mean 1.46 &+ 0.32). For cramprolls, Fz ranged from
1.62 to 3.02 BW, (mean 2.35 £ 0.45). For pullbacks, Fz
ranged from 1.55 to 2.88 BW, (mean 2.23 + 0.47). For the
optional or virtuoso steps chosen by each performer (n=5), Fz
ranged from 1.70 to 4.19, (mean 2.52 + 0.99). Mean Fz for all
conditions and all subjects was 2.14.

Landing forces have been measured in numerous studies
involving walking (1-1.4 BW), running (1.6-3.6), jumping
(3.5-6.0 BW), gymnastics (9-14.5 BW), various sports
activities (4.0-12.6 BW), aerobic dance (1.5-2.6 BW), and
dance jump landings (1.4-2.8 BW). It is apparent that Fz
forces occurring during tap dance are in the lower range of
those reported for these various activities. Although this
finding might appear to confirm our initial hypothesis and
explain the apparent decreased injury risk for this dance form,
there are additional factors to be considered.

CONCLUSIONS

We conclude that the relatively small Fz forces measured
during tap dance among experienced professional performers
supports our hypothesis that the apparent lower injury
occurrence rate among this group may reflect this finding.
Nevertheless, the analysis is highly complex and involves
many other factors remaining to be studied.
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INTRODUCTION

Mechanomyogram (MMG) is mechanical counterpart of
myoelectric activity and it has gained considerable attention
as a new noninvasive tool to investigate the muscular
functions. The main mechanisms of MMG signal generation
has been considered to be pressure waves generated by lateral
expansion of the active muscle fiber [1].

It is well known that the changing of muscle temperature
concerns the electrical and mechanical function (i.e.,
electromyogram: EMG and contraction torque, respectively)
of the muscle [2,3]. The present study was therefore
performed to examine the relation between the MMG
properties and the muscle temperature.

METHODS

Nine healthy male volunteers, aged from 21 to 26 years,
participated in this study. The reference condition of skin
temperature was attained in room air of 23-25 °C that resulted
in the skin temperature of about 34 °C which was called
“control” condition. The muscles of upper arm were cooled
with over 20 minutes down to a skin temperature of 20 °C
(i.e., “cold” condition). At some other day, the muscles were
heated up to a 40 °C (i.e., “heat” condition). In each skin
temperature, the EMG and MMG signals were measured on
m. biceps brachii during isometric contraction. The maximum
voluntary contraction (MVC) was measured in the “control”
condition. The subjects maintained contraction level of 20%,
40%, and 60% MVC. The surface EMG signal was picked
up by the bipolar Ag/AgCl electrodes (Smm pick-up diameter,
20 mm inter-electrode), placed over the muscle belly along
the underlying muscle fiber. The MMG signal was detected
by the piezo-electric accelerometer with weight of 2g
(9G111BW, NEC Sanei Instruments Ltd.). The accelerometer
was placed with double-sided adhesive tape at mid point
between the EMG electrodes. The contraction torque, EMG
and MMG signals were simultaneously and continuously
stored into a personal computer through an A/D converter
with 12-bits resolution and with sampling frequency 1-kHz.
The root mean square amplitude (RMS) was computed from
both signals of EMG and MMG. ANOVA was used to
determine the EMG and MMG characteristics at three
different temperatures (control, cold, and heat). Significances
of individual differences were evaluated by using the Scheffé
test if ANOVA was significant.

RESULTS AND DISCUSSION

The mean = SD of MVC of nine subjects was 22.9 + 3.6 kg.
The effect of skin temperature on the relation between the
RMS of EMG and MMG and the contraction level was
shown in Fig. 1. The RMS values of EMG and MMG were
increased with increasing of the contraction level in all skin
temperature. The RMS of EMG was not significantly
influenced by the skin temperature. This was in good
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agreement with the previous studies [2,3]. The RMS of MMG
significantly increased with increasing the skin temperature at
each contraction level. The present results might be related to
the contraction time of muscle fibers and the viscosity of
muscular tissue. These data can be extended to the notion that
the MMG is a reliable method to investigate muscular
function under a wide range of physiological conditions.

40 60
Contraction level (%MVC)

Fig.1: The effect of skin temperature on the relation between
(a) RMS of EMG and the contraction level and (b) RMS of
MMG and the contraction level. The marks of * and ** are
p<0.05 and p<0.01, respectively.
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CONCLUSIONS

The main purpose of this study is to examine whether or not
the RMS of EMG and MMG could reflect the contraction
properties of muscle during cooling and heating of the skin
surface. The results were obtained as the following. (1) RMS
of EMG was not almost influenced by the skin temperature.
(2) RMS of MMG significantly increased with the increasing
of skin temperature.
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INTRODUCTION

Slip-related falls have become a major cause of
serious injuries, so that more and more researchers
dedicate to this field. Gronqvist et al. [1] have indicated
that the moment of heel contact is most dangerous for slip
occurrence in a gait cycle. Cham et al. [2] have quantified
the changes in gait biomechanics when people anticipate
slippery environments. Buczek et al. [3] have suggested
that the peak required coefficient of friction (RCOFear)
can be used to predict slip potentials in gait activities.
However, little work has been carried out on the slip
events of trans-femoral amputees. The aim of this study is
to investigate the slips happening to trans-femoral
amputees during level walking on normal and slippery
path via the gait analysis.
METHODS

Six male unilateral trans-femoral amputees and ten
non-amputees participated in the current study. All of the
amputated subjects were active and able to walk
independently in daily life. In the experiment, the subjects
were required to walk at a self-selected comfortable pace
on the dry surface along a 5 m plastic walkway. Then five
amputees and five non-amputees were required to walk on
the oily surface. Two force plates (OR6-7, AMTI, MA),
which were placed in the walkway, were employed to
record the ground reaction forces (GRF). At the same
time, the Qualysis Motion Capture System (Qualisys
Medical AB, Sweden) were employed to record the
kinematics data of each trail at 200 Hz synchronously.

The RCOF ,¢q and the contribution ratio of Fx to the
RCOF (Rgs) were calculated using the following
equations:

1'72+F2 2
rcor  oE Y| R
eak e 2 2

P F F}+F,

Where Fz represents the force in vertical direction; Fy
represents the force in forward direction; Fx represents
the force in lateral direction. A one way analysis of
variance (ANOVA) was performed on RCOF,e,x and Rg,
respectively. Only values of P < 0.05 were considered
significant.
RESULTS AND DISCUSSION

The values of RCOF . and Ry are listed in Table 1
and Table 2. It is indicated from the comparison between
the trans-femoral amputees and non-amputees that the
RCOF, and Rg, of amputees were significantly greater
than that of non-amputees. And the comparison between
sound side and prosthetic side shows that the value of Rp,
of prosthetic side is much higher than that of sound side
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while the Rg, of sound side is close to that of non-
amputees.

Table 1: The comparison between the trans-femoral
amputees and non-amputees

RCOF eax Ry
Amputees 0.220 £ 0.071 0.183 £ 0.150
Non-amputees 0.165 £ 0.025 0.052 £ 0.059
P-value 0.007 0.008

Table 2: The comparison between the sound and
prosthetic sides of trans-femoral amputees

RCOF eax Ry
Sound Side 0.231 £ 0.094 0.071 £0.016
Prosthetic Side 0.209 +0.054 0.295+0.137
P-value 0.707 0.017

The results come from the differences of ground
reaction forces. The forces in lateral direction of
prosthetic side Fx are much greater than that of sound side
and both Fx and Fy of sound side are greater than that of
non-amputees.

The kinematic data also show the rationality of the
results. When the subjects walking on the dry surface,
there were obvious lateral swings in amputees’ gait
pattern. In the slip events the slip direction was
completely different between prosthetic side and non-
amputees including sound side. When the sound side of
amputees or the non-amputees encountered slips, the foot
slid mainly in the forward direction while that when slips
occurred to the prosthetic side the foot slid mainly
sideways.

CONCLUSIONS

1) The large value of peak required coefficient of friction
indicates that the trans-femoral amputees face a greater
slip danger than normal people during level walking. 2)
Swing in the lateral direction of amputees’ gait pattern is
the main cause of the increase of peak required coefficient
of friction. 3) Sideway slip is the peculiar character of the
prosthetic side of trans-femoral prosthesis user.
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INTRODUCTION

The relation between impact dynamics of alanding after a
jump and the cause of chronic injuries, like patellar
tendinopathy (jumper’'s knee), has been the focus for
research for many years. During impacts, impact force
produces a shock wave, which travels through the
subject’s extensor mechanism. Net joint moments are a
measure of load of the extensor mechanism (patellar
tendon).

The purpose of this study was to detect the red
contribution of the ground reaction force (GRF) and
segmental acceleration in the sagittal net knee moment
during the first part of impact of alanding after ajump by
comparing a standard inverse dynamic method (SM) with
an accelerometer based inverse dynamic method (AM).

METHODS

Seven healthy well trained mae volleyball players
participated in this study. The subjects were asked to
perform a maximal counter movement jump, which was
performed according the subject’s own preferred style.
Two different inverse dynamic based methods were
compared to study the impact dynamics of landing: the
SM, using accelerations from filtered (20 Hz) position
data and GRF, and the AM, using accelerations from
accelerometers and GRF. Measurements of both methods
were applied to a three segment rigid body model of the

right leg.

RESULTSAND DISCUSSION

The net knee moment, calculated by the SM, showed
major differences compared to the AM. These differences
mainly took place during the first part of impact, from the
time of touch down till approximately 35 ms later. SM
showed an extension moment peak during impact, where
the AM showed an oscillating effect: flexion moment
peak, directly followed by an extension moment peak
(figure 1). It turned out that this flexion pesk was the
result of an ‘overestimation’ of the moment caused by the
horizontal accelerations.

Comparison of the segmental acceleration from position
data used in the SM and from the AM showed good
correspondence, indicating correctness of method and
measurement data. The overshoot in horizontal
accelerations can be explained by an underestimated
correction factor [1] used to determine the linear
acceleration of the centre of mass, using angular velocity
and acceleration, which are calculated from position data.
Furthermore, our rigid body model assumes that the foot
is one rigid segment. Finally, we use a rigid body model
without damping [2].
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Figure 1. Net sagittal knee moment of a landing. Black
line is the moment determined by the SM, and the dotted
lineisthe moment determined by the AM

So, we can state that during impact the real contribution
of GRF is for a great part neutralized by segmenta
acceleration of foot and shank, suggesting that the high
impact peak moment shown by the widely used SM
moment is be an artifact.

CONCLUSION

Our results showed major differences during impact in
sagittal knee moment between the SM and AM. The SM,
used in this study, is a widely used method to determine
biomechanica parameters. When estimating net joint
moments during impact in activities like running and
jumping one should take into consideration the inaccuracy
of the net joint moment during impact when using rigid
body models. To our opinion, adjustments to the widely
used filter techniques can overcome artifacts in net impact
joint moments, by using the same cutoff frequency for
both kinematic and force data. Complementary, we
recommend not to consider impact peaks as the source of
chronic overuse injuries, likejumper’s knee.
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INTRODUCTION

Hip resurfacing is increasingly used in orthopedic arthro-
plasty. In order to plan and conduct the implantation properly,
the operating surgeon needs to know how the cementing
technique will influence the cement penetration. Breusch et al.
[1] quantified the cement penetration in a conventional hip
stem and Morberg et al. [2] investigated the cement-bone-
interface histologically. However, no information could be
found about cement penetration in hip resurfacing prostheses.

OBJECTIVES

Determine the influence of the following parameters on
cement penetration: use of jet lavage, type of cement, and the
standing period of the cement.

MATERIALS AND METHODS

The Durom™ Hip Resurfacing implant (Zimmer GmbH,
Switzerland) and nine fresh frozen paired whole cadaver
femora (mean 47 years, range 26 to 66 years) were used in this
study. The standard case was the use of jet lavage for cleaning
the prepared bone and Simplex® cement (Stryker
Orthopaedics, USA) with a three minute standing time. The
femora were divided into three paired groups: (A) compared
the use of jet lavage to no jet lavage, (B) compared the two
low viscosity cements SULCEM™-3 (Zimmer GmbH,
Switzerland) and Simplex®, and (C) a 1.5 minute standing
time was compared to a 3 minute standing time. All 18
implantations were conducted within a two day period by an
experienced surgeon using the standard OR procedures.

image (right)

A single 2.6 mm thick slice was taken out of the center of each
head using a precision diamond blade band saw. Contact x-ray
images were then generated using a cabinet x-ray system (Fig.
1). After digitizing the images, computer based measurements
were made using Matlab routines. The following measure-
ments were taken: cement penetration ratio (penetration area
divided by the bone area enclosed by the implant) and mean
cement penetration depth. The results within each group were
compared using a paired t-test. However, since the sample size
was only three, the results only indicate tendencies.

RESULTS AND DISCUSSION

Leaving out jet lavage decreased the mean cement penetration
ratio by 62% (p = 0.018), whereas the mean penetration depth
decreased by 65% (p = 0.024). No significant differences were
seen between SULCEM-3 and Surgical Simplex when
comparing the cement penetration ratio (p = 0.71) and depth
(p = 0.57). Applying the cement after a standing time of
1.5 minutes instead of 3 minutes resulted in a lower
penetration ratio and depth in all cases. However, the results
were not significant (p = 0.15, p = 0.16) (Fig. 2).
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Fig. 2: Comparison of the penetration ratio: (A) Jet Lavage yes
vs. no, (B) Simplex® vs. SULCEM™-3, (C) 3 min. vs.
1.5 min. standing period

CONCLUSION

Using jet lavage or increasing the standing time of the cement
to 3 min. has the tendency to increase the cement penetration,
whereas no difference in cement penetration was found when
different cement brands of comparable viscosity are used.
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INTRODUCTION

Activities of daily living (ADLs) involve smooth voluntary
movements between joints that require a synchronized
recruitment of relevant muscles. Motion is thus realized by a
balance in directional preference of muscular activity. Upper
motorneuron syndrome (UMNS) due to lesions in cortico-spinal
pathways is common following a stroke or traumatic brain
injury. UMNS manifests itself in the form of muscle under- or
over-activity which consequently affects motor behavior [1]. An
undesirable directional preference is imposed due to involuntary
muscle activity thereby inducing spasticity and consequently
impeding ADL performance. Muscle under-activity is apparent
as weakness, loss of finger dexterity and selective control of
muscles. Muscle over-activity is characterized by exaggerated
tonic stretch reflexes and tendon jerks. This research is an
attempt to identify and study patterns of hand motor dysfunction
in ADL performance as a result of brain injury (BI).

METHODS

The research is an on-going study that uses a video-based
motion analysis system to record hand activity during grasping.
The activity involves grasping a spherical object. Subjects were
instructed to reach for and wrap their fingers around the object,
without lifting the object, and then gradually release the object.
The protocol was set based on [2,3] in order to assess the degree
of voluntary finger extension. Data were collected and analyzed
to observe patterns of hand coordination during grasping in
patients after brain injury.

Prior to data collection, the 3D SIMI motion analysis system was
calibrated for spatial alignment and orientation. Reflective
markers (5 mm in diameter) were placed on the metacarpal
(MCP) and interphalangeal (IP) joints of the fingers and thumb,
the base of the 3™ metacarpal and the stylus of the ulna and
radius (18 markers). Digital motion data was recorded at 60Hz
for at least 8 secs. by three cameras. Spatial coordinate data were
extracted from the motion clips of the grasping activity. These
were used to calculate MCP and PIP joint angles. Passive range-
of-motion for each finger joint and the wrist were also recorded.
The abstract discusses a specific case and general observations.

RESULTS AND DISCUSSION

Figure 1 shows the MCP angle plot for the ring finger in the
hand of a patient with bilateral hand motor dysfunction. The
motion clips indicated that the patient initiated the dynamic
phase of grasping by placing the fingers on the object, followed
by lowering the wrist to stabilize the object in the palm. This is

Table 1: Correlation between MCP and PIP joint angles.

observed in the MCP angle plot wherein region-1 (R1) shows
increased MCP extension followed by R2 with increased flexion
due to lowering of the wrist for object stabilization. The same
regions are identified in the other hand of the same patient which
exhibits relatively better hand motor function.
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Figure 1: MCP angle plot of the patient’s ring finger.
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Figure 2: MCP angle plot of the ring finger in the other hand of
the same patient.

The MCP and PIP angle plots were almost in phase in the
controls, while the same was not the case in the brain injured
patients. Table 1 lists the correlation values between the MCP
and PIP angle plots of the fingers for the brain injured patients
and age- and gender- matched controls.

CONCLUSIONS

In this pilot, it was observed that hand motor dysfunction after
BI severely affects the release mechanism of the fingers. Patients
tend to use different strategies for stabilizing the object in their
hand. Relatively low correlation was observed between the MCP
and PIP angles in the brain-injured patients. Further research is
required to get a more generalized stratification of hand motor
dysfunction in BL.
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Subject Fore Middle Ring Little Thumb
L R L R L R L R L R
Patient-1 0.52 -0.69 0.67 -0.55 0.71 0.47 -0.06 -0.63 0.89 0.49
Patient-2 -0.26 0.97 0.74 0.97 0.64 0.93 0.59 0.75 0.66 0.28
Control-1 0.93 0.74 0.78 0.83 0.83 0.65 0.24 0.77 -0.80 0.23
Control-2 0.97 0.56 -0.05 0.92 0.83 0.95 0.92 0.57 -0.75 -0.75
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INTRODUCTION

Studies with ultrasonography (US) have revealed that muscle
fascicle and tendon length changes may not follow the length
changes of the whole muscle-tendon complex (MTC) in
natural human movements [1]. In jumping, the gastrocnemius
(Ga) muscle fascicles have been shown to shorten [2,3] during
the ground contact, despite the lengthening-shortening action
of the MTC. Fascicle behavior of the soleus (Sol) muscle in
natural human movements has not yet been reported.
However, modeling the triceps surae function in counter-
movement jump indicates similar behavior of Ga and Sol
muscle fibers [4]. The present study focused to explore
fascicle behavior of the Ga and Sol muscles directly with US
in natural stretch-shortening cycle (SSC) muscle action.

METHODS

Eight male subjects performed bilateral hopping at low
(LOW), medium (MED) and maximum (MAX) intensity.
Ground reaction forces (GRFs) were collected simultaneously
with high-speed video (200 Hz) recordings and real-time US
(96 Hz) of Sol and medial Ga (GaM). Achilles tendon force
(ATF) and MTC lengths of Sol and GaM were calculated.

Ten jumps were selected and data was averaged from each
subject for each hopping intensity excluding the US data,
where two most representative jumps were chosen.

RESULTS AND DISCUSSION

Fig. 1 represents a typical example of ATF and length changes
of MTC and fascicles of Sol and GaM, respectively.
Lengthening of MTC increased both in Sol and GaM with
increasing loading (ATF). Despite the lengthening of MTC,
fascicles of GaM shortened at the beginning of the ground
contact. This shortening is similar to the earlier findings
regarding counter-movement jumps [2] and drop jumps [3]. It
may contribute to the storage of elastic energy by stretching
the AT [1,2] and improving energy transfer of the proximal
muscles to the ankle joint due to increased muscle stiffness
[5]. On the other hand, SOL fascicles showed a lengthening-
shortening behavior similarly to the MTC. Similar fascicle
behavior has also been observed in the vastus lateralis muscle
in drop jumps [3]. It may also be worth noting that the initial
shortening of GaM fascicles was followed by a rapid
lengthening at MED and MAX, which may imply cross-bridge
detachment due to high loading. Similar yielding of GaM
fascicles was also observed in the drop jumps [3].

CONCLUSIONS

The novel finding of the present study was that Sol and GaM
fascicles may behave differently in natural SSC muscle action.
The Sol fascicles represented a lengthening-shortening
behavior similarly to the MTC, whereas GaM mainly
shortened during the contact phase in hopping. It is likely that
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these differences in fascicle behavior between Sol and GaM
are related to the suggested different roles of one- and two-
Joint muscles in human movements [5].
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INTRODUCTION

At any particular walking speed, the rate of metabolic energy
expenditure in humans is minimized at the preferred, or self-
selected, stride rate [6]. However, our understanding of the
underlying factors that determine the global energy rate
response, and that ultimately influence the preferred walking
pattern, remains incomplete. Mechanical efficiency is a factor
that is believed to be important in human locomotion [e.g., 5],
but has not received much direct attention in regards to
walking stride rate selection. The purpose of this study was to
test the hypothesis that maximization of the mechanical
efficiency of walking occurs at the preferred stride rate.

METHODS

Six male and four female subjects (Muge = 26.7 £ 3.6 yr; My =
173.9 £ 9.6 cm; My, = 67.9 £ 11.9 kg) walked at 1.3 m/s
using five different stride rates (preferred, £ 10% of preferred,
and £ 20% of preferred). Preferred stride rate was determined
as subjects walked on a motorized treadmill, after which the
subjects practiced walking at the experimental stride rates for
at least 10 min. Following familiarization with the protocol,
and after resting for at least 20 min, measurements were made
of pulmonary gas exchange while subjects walked on the
treadmill at the different stride rates. In a separate trial, ground
reaction forces and body segment positions were monitored as
subjects walked along a 12 m walkway across a force
platform. Subjects matched their stride rates to a metronome
for treadmill trials, and to marks placed on the floor for
overground trials. For both trials subjects walked with arms
folded across their chest, to minimize any influences from
outside the lower limbs.

The net (walking minus resting) rate of metabolic energy
expenditure (Epor) was estimated from pulmonary gas
exchange [3], and sagittal plane hip, knee, and ankle joint
moments were calculated using inverse dynamics [4]. Joint
powers were calculated from the net moments and joint
angular velocities. Average positive (Ppos) and negative (Pngc)
power, summed over all three joints, was determined by
integrating the instantaneous positive and negative powers
over the gait cycle, and dividing by the cycle period. Ppos and
Pneg were doubled to approximate the power output of both
legs. The mechanical efficiency of walking (ew) was estimated
from Ppos, Pnec, and Epor as ew = Pros /(Epor + Pxec) [1]-

Metabolic energy rate and mechanical efficiency data were fit
with quadratic polynomials, and the stride rates corresponding
to the respective minima and maxima were determined from
the resulting equations. Differences between preferred stride
rate and the stride rates optimizing energy expenditure and
mechanical efficiency were detected using paired t-tests.
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Figure 1: Mechanical efficiency of walking was predicted
to be maximized at a stride rate 8.3% above the preferred.

RESULTS AND DISCUSSION

Preferred stride rate (54.3 str/min) and the stride rate
minimizing gross metabolic energy expenditure (55.6 str/min)
were both similar to previous reports [6], and did not differ
significantly (p > .05). Mechanical efficiency (Figure 1) was
maximized at a stride rate 8.3% higher than preferred (58.8
str/min; p < .01). While this difference was statistically
significant, the absolute deviation from preferred was modest
(4.5 str/min). The present results, combined with earlier work
[2] showing that mechanical demand (estimated from net joint
moments) was minimized approximately 8.5% below the
preferred rate, suggests that these two factor may combine to
constrain normal walking stride rates to a narrow range
centered around a stride rate of approximately 55 str/min.

CONCLUSIONS

At a single speed, walking with stride rates lower than
preferred results in decreased mechanical efficiency, while
using stride rates higher than preferred leads to increased
loading on the lower limb muscles. The self-selected stride
rate in walking appears to represent the best compromise
between these two competing factors.

REFERENCES

1. Prilutsky, BI. J Appl Biomech 13, 466-471, 1997.

2.Umberger, BR, Martin, PE. Proceedings of ASB, Toledo,
OH, Abstract 118, 2003.

3. Weir, J. J Physiol, 109, 1-9, 1949.

4. Winter, D. Biomechanics and Motor Control of Human
Movement, Wiley, New York. 1990.

5.Zarrugh, MY. J Biomech, 14, 157-165, 1981.

6. Zarrugh, MY, et al. Eur J Appl Physiol, 33,215-223, 1974.

ACKNOWLEDGEMENTS
Support was provided by NSF IGERT grant DGE9987619 and
the Arizona State Univ. Exercise & Sport Research Institute.



ISB XXth Congress - ASB 29th Annual Meeting
July 31 - August 5, Cleveland, Ohio

KINETIC ANALYSIS OF GAIT ON INCLINED SURFACES

'Robyn M. Wharf and '*D. Gordon E. Robertson
'School of Human Kinetics, University of Ottawa, Ottawa, Ontario, Canada dger@uottawa.ca

INTRODUCTION

Walking on a level surface usually takes minimal effort and is a
daily occurrence. Access to areas on different levels, however,
may become a barrier to the injured, elderly or disabled persons.
Adding ramps or inclined surfaces is one means of permitting
access to different levels of a building. Little data are available
concerning the efforts required to negotiate different inclines.
Prentice ef al. [1] analyzed various inclines but only examined the
swing phase while Post & Robertson [2], looked at ramp descent
at one gradient. The purpose of this investigation was to quantify
the moments of force and powers produced in the lower extremity
during ascent of inclines of various gradients compared to those
of level gait.

METHODS

Twelve subjects (6 female, 6 male) between the ages of 20 and 30
volunteered. Sagittal plane kinematics from a 60 Hz video camera
and ground reaction forces from a force platform placed on the
ramp were collected. The participant’s ascended four different
ramp inclinations, five times each (level, 3-deg, 6-deg and 9-deg).
The motion data were digitized using the APAS. Kinematic,
inverse dynamic and power analyses were done with the Biomech
Motion Analysis System [3].

RESULTS AND DISCUSSION

Ankle moments and powers were similar for the level and 3-deg
inclined conditions. There were no significant differences in the
peak moments of force for any of the four conditions but there
was a steady increase in peak power between 3, 6, and 9 degrees
of incline. There was a 21% increase in peak power between the
9-degree incline and then level and 3-degree incline (2.99 vs. 2.45
W/kg).

Figure 1 illustrates the average knee moments of force and
moment powers for all four conditions. The power burst at KO
was equal for all the inclines excepting for 9-deg, which was
significantly less. Other major differences with the 9-deg incline
occurred after foot-strike (FS) at K1 where the knee extensors
produced almost no negative work compared to the other grades
and at K2 where substantially more work and power were
required.

There were sequential reductions in the peak eccentric power
bursts of the knee extensors at K3 prior to toe-off (TO) and by the
knee flexors prior to FS (K4). Thus, the energy demands of
ascending inclines are met by reducing the amounts of energy
dissipated by knee eccentric muscle contractions.

The peak moments of force at the hip were not significantly
different across the four gradients. The peak powers were also
similar but there were differences in the extensor work done
immediately after FS (H1). Here there was a gradual increase of
138% from level to 9-deg incline (0.29-0.69 W/kg).
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