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American Society of

Biomechanics

Stanford University, August 22 - 25

Dear Friends and Fellow Biomechanists:

Welcome to Stanford University! We are excited to host you and hope that you all have a stimulating conference
experience.

Biomechanics research began on the Stanford farm when Leland Stanford took a position on a hotly debated
question: whether during a horse’s trot, all four hooves were ever off the ground at the same time. Stanford
sided with this assertion, and wanted to prove it scientifically. He hired Eadweard Muybridge to settle the issue.
Muybridge developed a scheme for instantaneous motion picture capture. Muybridge’s technology involved
novel methods for photographic processing and a camera trigger developed by Stanford’s engineer, John Isaacs.
In 1877, Muybridge settled Stanford’s question with a single photographic negative showing Stanford’s race-
horse, Occident, airborne during trot.

This conference marks the 30th anniversary of ASB. The Society was founded in October 1977 by a group of
52 scientists and clinicians (listed later in this program). The mission of ASB — to foster the exchange of ideas
among biomechanists working in different disciplines and fields of application, including biological sciences,
exercise and sports science, health sciences, ergonomics and human factors, and engineering, and to facilitate
the development of biomechanics as a basic and applied science — is still vital today.

Over 450 abstracts were submitted for presentation at the conference. This is the largest number of abstracts
ever submitted to an ASB conference. Two or three reviewers read and scored each abstract, and the top-rated
abstracts were selected for presentation at the meeting.

Many people have helped prepare for this conference. A special thanks goes to the program committee and the
local organizers listed in this program. We also want to thank the Stanford students, fellows, and staff who put
in many hours to make the meeting special. You will see these local volunteers wearing their “Cardinal” shirts.
Please ask them for help, directions and advice. Kam Morrella and Carolyn Mazenko put forth a huge effort to
organize the conference; please thank them when you see them.

We hope you enjoy the conference. Engage in the science... ask 100 questions... go to every poster... meet a
new mentor... find an old friend. Maybe even take a walk to Stanford’s barn to see the place where Muybridge
“stopped time.”

Sincerely,

Scott Delp Chris Jacobs Francisco Valero-Cuevas

Conference Co-Chair Conference Co-Chair Program Chair
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SOCIAL PROGRAM

Opening Reception, Wednesday, August 22,
Clark Center, 5:00-7:30pm

Night on the Town, Thursday, August 23,
Downtown Palo Alto, 7:00pm-midnight

Conference Dinner, Friday, August 24, Frost
Amphitheater, Stanford Campus, 6:00-9:00pm

CONFERENCE REGISTRATION
Wednesday, August 22, Clark Center noon-7:00pm

Wednesday, August 22, Governor’s Corner dorms
2:00-7:00pm

Thursday, August 23, Memorial Auditorium Lobby
8:00am-2:30pm

Friday, August 24, 2007 Memorial Auditorium Lobby
8:00am-2:30pm

Saturday, August 25 Memorial Auditorium Lobby
8:00am-noon

COMMITTEE MEETINGS

ASB Executive Committee, Wednesday August 22,
3:00-5:00pm Clark Center Room S363

ASB Past President’s Breakfast, Friday, August 24,
7:15-8:15am, Green Room, Memorial Auditorium

ASB Executive Committee, Saturday August 25,
4:00-6:00pm Green Room, Memorial Auditorium

INDUSTRIAL EXHIBITS

Thursday, August 23, Memorial Auditorium Lobby
8:00am — 6:00pm

Friday, August 24, Memorial Auditorium Lobby
8:00am — 6:00pm

INDUSTRIAL SPONSORS and
EXHIBITORS

Motion Analysis Corporation (Gold Sponsor)
Innovision Systems, Inc.

Innovative Sports Training, Inc.
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Kistler Instrument Corporation
Novel Inc.

AMTI

Bertec Corporation

Vicon

Ozen Engineering

Motion Imaging Corporation
Noraxon USA, Inc.

Program Committee

Francisco Valero-Cuevas (Program Chair)

Art Kuo, Christine Raasch, Darryl Thelen, Jack
Dennerlein, James Ashton-Miller, Larry Bonassar,
Lena Ting, Max Donelan, Richard Hughes, Rick
Lieber, Silvia Blemker, Wendy Murray, Yasin Dhaher,
Mont Hubbard, Kai An, Eric Perreault, Glen Niebur,
Joseph Crisco

Local Organizing Committee
Christopher Jacobs (Co-chair), Scott Delp (Co-chair)
Dennis Carter, Thomas Andriacchi, Thor Besier, Ellen
Kuhl, Marc Levenston, Charles A.Taylor

ASB Executive Committee
President: Kenton Kaufman

Past-President: Ted Gross

President-Elect: Rodger Kram

Secretary/Treasurer: Don Anderson
Secretary/Treasurer-Elect: Paul DeVita

Program Chair: Francisco Valero-Cuevas

Program Chair-Elect: Richard Hughes

Meeting Chair: Scott Delp

Membership Chair: Max Kurz

Education Committee Chair: Steve McCaw
Communications Committee Chair: Andy Karduna
Newsletter Editor: Michelle Sabick

Student Representative: Katie Bieryla
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ASB FOUNDING MEMBERS AND PAST PRESIDENTS

FOUNDING MEMBERS

Thomas Andriacchi
Thomas Armstrong
Michael Askew
Eugene Bahniuk
Barry Bates
Richard Brand
Albert Burstein
David Butler
Dennis Carter

Don Chaffin
Krishnan Chandran
Jerome Danoff
Dwight Davy
Robert Deusinger
Roger Enoka

F. Gaynor Evans
Carl Gans

Edward Grood
James Hay

H.K. Huang

Maury Hull

Ronald Huston
Martha Jack

J. Lawrence Katz
Jonathan Kofman
William Krause
Shrawan Kumar
Jean Landa Pytel
R. Bruce Martin
Bruce Mason

Doris Miller
Manssour Moeinzadeh
Richard Nelson

Sally Phillips
Gerald Pijanowski
Carol Putnam
George Rab

Herbert Reynolds
Verne Roberts
Subrata Saha

Albert Schultz
Robert Shapiro
Gary Soderberg
Robert Soutas-Little
Christopher Vaughan
Stephen Wainwright
James Walton
Frederick Werner
William Whiting
Keith Williams
Timothy Wright
Charles Wunder

PAST PRESIDENTS

F. Gaynor Evans (1977)
Albert Burnstein (1978)
James Hay (1980)

Stephen Wainwright (1981)
Albert Schultz (1982)
Doris Miller (1983)
Richard Brand (1984)
Savio Woo (1985)

Peter Cavanagh (1986)
Don Chaffin (1987)
Malcolm Pope (1988)
Roger Enoka (1989)
George Rab (1990)
Thomas Andriacchi (1991)
Ronald Zernicke (1992)
Thomas Brown (1993)
Philip Martin (1994)

Kai An (1995)

Robert Gregor (1996)
Mark Grabiner (1997)
Bruce Martin (1998)
Melissa Gross (1999)
James Ashton Miller (2000)
Andrew Biewener (2001)
Joan Bechtold (2002)
Walter Herzog (2003)

Trey Crisco (2004)

Ted Gross (2005)

Kenton Kaufman (2006 — )
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SCIENTIFIC SESSIONS

Thursday, August 23, 2007

Podium 1: Motor Control I
Chair: Eric Perreault
Memorial Auditorium 9:45 - 11:00 AM
Thursday, August 23, 2007

Podium 2: Methods 1
Chair: Steve Piazza
Annenberg Auditorium 9:45 - 11:00 AM
Thursday, August 23, 2007

Podium 3: Bone I
Chair: Glen Niebur
Cubberley Auditorium 9:45 - 11:00 AM
Thursday, August 23, 2007

Podium 4: Aging |
Chair: James Ashton-Miller
Memorial Auditorium 11:15 AM - 12:30 PM
Thursday, August 23, 2007

Podium 5: Computational Biomechanics I
Chair: Richard Hughes
Annenberg Auditoriuml11:15 AM - 12:30 PM
Thursday, August 23, 2007

Podium 6: Ergonomics and Occ. Biomech. I
Chair: Devin Jindrich
Cubberley Auditorium11:15 AM - 12:30 PM
Thursday, August 23, 2007

Podium 7: Walking
Chair: Clay Anderson
Memorial Auditorium 1:45 - 3:00 PM
Thursday, August 23, 2007

Podium 8: Injury
Chair: Jack Dennerlein
Annenberg Auditorium 1:45 - 3:00 PM
Thursday, August 23, 2007

Podium 9: Sports I
Chair: Mont Hubbard
Cubberley Auditorium 1:45 - 3:00 PM
Thursday, August 23, 2007

Podium 10: Running
Chair: Rick Neptune
Memorial Auditorium 3:15 - 4:30 PM
Thursday, August 23, 2007

Podium 11: Upper Extremity
Chair: Wendy Murray
Annenberg Auditorium 3:15-4:30 PM
Thursday, August 23, 2007
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Podium 12:

Tendon and Ligament

Chair: Zachary Domire

Cubberley Auditorium 3:15-4:30 PM
Thursday, August 23, 2007

Friday, August 24, 2007

Podium 13:

Podium 14:

Podium 15:

Podium 16:

Podium 17:

Podium 18:

Podium 19:

Podium 20:

Podium 21:

Podium 22:

Locomotion Energetics

Chair: Young-Hui Chang
Memorial Auditorium 9:45 - 11:00 AM
Friday, August 24, 2007

Hand

Chair: Zong-Ming Li

Annenberg Auditorium 9:45 - 11:00 AM
Friday, August 24, 2007

Knee

Chair: Heidi-Lynn Ploeg

Cubberley Auditorium 9:45 - 11:00 AM
Friday, August 24, 2007

Comparative Biomechanics

Chair: Andrew Biewener

Memorial Auditorium 11:15 AM - 12:30 PM
Friday, August 24, 2007

Muscle Mechanics

Chair: Silvia Blemker

Annenberg Auditoriuml11:15 AM - 12:30 PM
Friday, August 24, 2007

Rehabilitation I

Chair: Yasin Dhaher

Cubberley Auditorium11:15 AM - 12:30 PM
Friday, August 24, 2007

Neurorchabilitation

Chair: David Reinkensmeyer

Memorial Auditorium 1:45 - 3:00 PM
Friday, August 24, 2007

Motor units

Chair: Rick Lieber

Annenberg Auditorium 1:45 - 3:00 PM
Friday, August 24, 2007

Ergonomics and Occ. Biomech. II

Chair: Joseph Crisco

Cubberley Auditorium 1:45 - 3:00 PM
Friday, August 24, 2007

Neuromechanics

Chair: Jonathan Dingwell

Memorial Auditorium 3:15-4:30 PM
Friday, August 24, 2007



Podium 23:

Podium 24:

Muscle

Chair: Kevin Keenan

Annenberg Auditorium 3:15 - 4:30 PM
Friday, August 24, 2007

Rehabilitation 11

Chair: Matt Tresch

Cubberley Auditorium 3:15-4:30 PM
Friday, August 24, 2007

Saturday, August 25, 2007

Podium 25:

Podium 26:

Podium 27:

Podium 28:

Podium 29:

Podium 30:

Aging 1

Chair: Darryl Thelen

Memorial Auditorium 9:45 - 11:00 AM
Saturday, August 25, 2007

Computational Biomechanics 11

Chair: Veronica Santos

Annenberg Auditorium 9:45 - 11:00 AM
Saturday, August 25, 2007

Sports 11

Chair: Alison Sheets

Cubberley Auditorium 9:45 - 11:00 AM
Saturday, August 25, 2007

Motor Control 11

Chair: Boris Prilutsky

Memorial Auditorium 11:15 AM - 12:30 PM
Saturday, August 25, 2007

Methods 11

Chair: Li-Shan Chou

Annenberg Auditoriuml11:15 AM - 12:30 PM
Saturday, August 25, 2007

Bone II

Chair: Katherine Boyer

Cubberley Auditorium11:15 AM - 12:30 PM
Saturday, August 25, 2007

Thursday, August 23, 2007

Poster 1:

Poster 2:

Poster 3:

Skeletal Tissue
Memorial Auditorium 4:30 - 6:15 PM
Thursday, August 23, 2007

Aging
Memorial Auditorium 4:30 - 6:15 PM
Thursday, August 23, 2007

Motor Control
Memorial Auditorium 4:30 - 6:15 PM
Thursday, August 23, 2007
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Poster 4: Injury
Memorial Auditorium 4:30 - 6:15 PM
Thursday, August 23, 2007

Friday, August 24, 2007

Poster 5: Rehabilitation
Memorial Auditorium 4:30 - 6:15 PM
Friday, August 24, 2007

Poster 6: Computational Biomechanics
Memorial Auditorium 4:30 - 6:15 PM
Friday, August 24, 2007

Poster 7: Muscle
Memorial Auditorium 4:30 - 6:15 PM
Friday, August 24, 2007

Poster 8&: Sports
Memorial Auditorium 4:30 - 6:15 PM
Friday, August 24, 2007

Poster 9: Locomotion
Memorial Auditorium 4:30 - 6:15 PM
Friday, August 24, 2007

Poster 10: Manipulation

Memorial Auditorium 4:30 - 6:15 PM
Friday, August 24, 2007
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PLENARY SESSIONS AND

Wednesday August 22, 2007 1:00 - 3:00 PM
Tutorial 1: Biomechanical Modeling and Simulation

Clark Center Auditorium

Faculty: Scott Delp, Stanford University

Computational models provide a framework for exploring the
biomechanics and neural control of movement. In recent years,
simulations of human and animal movement have become
widely used to explore a range of basic scientific questions, study
the mechanisms of various diseases, and assist in the design of
medical devices. This tutorial will provide an introduction to
musculoskeletal modeling and the application of simulations in
the study of movement. Specifically, the tutorial will:

+ motivate the use of simulations in studies of human and

animal movement,

+ review the components of a simulation, including models
of muscle-tendon mechanics, musculoskeletal geometry,
skeletal dynamics, and neural control,

+ provide examples of simulations that have provided insight
into important scientific questions and clinical problems,

+ discuss some of the limitations of current simulations and
suggest future research directions.

Wednesday August 22, 2007 3:00 - 5:00 PM
Tutorial 2: Molecular Biology in Biomechanics

Clark Center Auditorium

Facully: Rick Lieber, University of California at San Diego

The scientific community has experienced a virtual explosion in
applications of molecular biological methods to the fields of
medicine, biotechnology, computing and engineering. All of
the highest scientific impact papers from 1994-to date used
molecular biology to understand transduction of information

by cells. These papers could justifiably be considered within the
purview of biomechanics. In this tutorial, the basic tenets of
molecular biology will be presented including basic cell structure
and the flow of information from DNA to RNA to proteins. The
most common methods used to study cells and tissues will be
reviewed including gene cloning, sequencing, blotting methods
and the use of reverse transcription (RT) and the polymerase
chain reaction (PCR). Finally, application of these methods will
be illustrated using examples of vascular, muscle and ligament
cell response to mechanical signals provided by applications of
exercise, strain fields and temperature. The main point of this
presentation is to demonstrate that molecular biological methods
provide powerful tools for studying tissue response, but the
careful mechanical characterization of cells, receptors and even
isolated proteins remain within the area of expertise we know as
biomechanics. This is a field on which we all should have great
impact.
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TUTORIALS

Thursday August 23, 2007 8:30-9:30 AM
Plenary Session: Singing, breathing and wing waving
Biomechanics of vocal behavior in birds

Memorial Auditorium

Franz Goller: University of Utah

In birds as in humans, sound production involves coordinated
activity of two main motor systems, vocal muscles and respiratory
muscles. The vocal organ of songbirds, the syrinx, contains two
independent sound generators, each controlled by six muscles.
Although the major functional roles of these syringeal muscles
are documented, the biomechanics of the vocal organ are not well
understood. As an example, I will discuss the evidence for direct
muscular control of sound frequency and gating of airflow. Sing-
ing also involves drastic changes to breathing patterns, including
rapid switching between expiration and inspiration. I will discuss
the avian respiratory system and its contributions to song produc-
tion, including fine control of the driving pressure for phonation.
In addition, some visual displays affect respiratory mechanics
and their simultaneous performance with song must require
complex coordination of these multi-modal displays.

Friday August 24, 2007 8:30 - 9:30 AM
Plenary Session: Single Molecule Measurements of

Motor Proteins, In vitro and In vivo

Memorial Auditorium

Paul Selvin: University of lllinois

The standard diffraction limit of light is about 250 nm, meaning that
you cannot “resolve” objects closer than this distance. Despite
this, we have come up with a method to measure 1.5 nm in 1-500
msec, using a technique we call Fluorescence Imaging with

One Nanometer Accuracy (FIONA). We have chosen to study
molecular motors, which are involved in moving things around
within the cell, both in purified systems, and inside living cells.
There has been a question as to whether molecular motors move
things in an “inchworm” fashion, or in a “hand-over-hand”
fashion (i.e. by “walking”) We have definitively determined that
myosin, and kinesin, two important motors, walk in a “hand-
over-hand” manner in purified systems. In living cells (that is, in
Drosophila, or fruit fly cells), we have seen cargos being moved
by individual “conventional” kinesin and dynein. We find that
both kinesin and dynein move cargo 8 nm per ATP. Amazingly,
these two molecular motors do not engage in a tug-of-war, but
appear to be cooperative, taking terms hauling the cargo.



Saturday August 25, 2007 8:30-9:30 AM

Plenary Session: Borelli Award Lecture

Lessons in skeletal muscle design and plasticity
Memorial Auditorium

Richard Lieber: University of California at San Diego

Skeletal muscles represent a classic biological example of a
structure-function relationship. As such, muscle mechanical
and muscle physiological studies over the past 100 years have
exploited tools that permit comparison between structure and
function. In this lecture, I will review some of our findings based
on “fancy” as well as “simple” tools. The key concept to be
conveyed is that science progresses by asking great questions
and using whatever tool is appropriate to answer that question.
If the tool does not exist, make it! If it does, use it! I would
argue that the converse approach (having a tool and looking for
a question) is not as fruitful. Biomechanists are uniquely
positioned in the scientific community to have high impact by
asking the right questions and applying the right tools.

Saturday August 25, 2007 1:45-1:50 PM
Plenary Session:

Announcement of Awards:

Microstrain Award

Journal of Biomechanics Award

Clinical Biomechanics Award

Memorial Auditorium

Saturday August 25, 2007 1:50 - 2:05 PM
Plenary Session: Pre-Doctoral Young Scientist Award
Biofidelity requirements for the focus headform for the
prediction of eye injuries

Memorial Auditorium

Eric Kennedy: Virginia Tech-Wake Forest University

In recent military action the rate of eye injuries has dramatically
increased compared to historical trends. In order to assess the
capability of protective equipment in preventing these injuries,
anew advanced headform has been developed that can predict
eye injury from impact events. Biofidelic response requirements
for the synthetic eye and orbit were defined based on experimental
impact tests on post-mortem human eyes, for both force-
deflection response as well as eye injury criteria. The Facial and
Ocular CountermeasUre Safety (FOCUS) headform will be used
to reduce both eye and facial injuries for military troops, as well
as sports participants and victims of motor vehicle accidents.

erence at a glance 2007

Saturday August 25, 2007 2:05-2:20 PM
Plenary Session: Post-Doctoral Young Scientist Award

The effect of collagen fibres on permeability of articular
cartilage

Memorial Auditorium
Salvatore Federico: University of Calgary

The macroscopic, physico-mechanical properties of soft tissue
depend on the tissue microstructure. For articular cartilage,
several microstructural models have been proposed to account
for the effect of collagen fibres on the elastic properties. In
contrast, collagen fibres have been neglected in any considerations
regarding permeability, as permeability has been considered to

be dependent exclusively on the proteoglycan part of the extra-
cellular matrix. However, early experimental results (Maroudas and
Bullough, 1968, Nature 219) suggest that the depth-dependence
of the permeability cannot be explained in terms of proteoglycans
alone, and that collagen fibres may significantly affect cartilage
permeability.

In this work, we show that the collagen fibril network introduces
local anisotropies in articular cartilage. In particular, permeability
is shown to be lower orthogonal compared to longitudinal to the
fibre. At the global level, the anisotropy of permeability depends
on the directional distribution of the fibres.

We used this result to explain why cartilage axial permeability
is lower in the superficial zone compared to the middle and deep
zones, where the fibres are orthogonal to the cartilage axial
direction (i.e., parallel to the articular surface) These results are
in good agreement with the experimental findings of Maroudas
and Bullough (1968) which could not be explained with previous
theoretical models. All results specifically found here for articular
cartilage can be used for any fibre reinforced soft tissue.

Saturday August 25, 2007 2:20 - 3:20 PM
Plenary Session: James Hay Lecture Memorial Auditorium
Paradigm Shifts for Impact Forces and Foot Control

Benno M. Nigg: University of Calgary

The conventional paradigms used for running shoes (cushioning
and foot control) are currently challenged since impact force
peaks during heel-toe running are not different for soft or hard
materials, subjects that are or are not exposed to impact activities
have the same frequency of short or long term injuries, bone
showed bio-positive effects as a result to impact loading, and
foot pronation can not be used as a predictor for injuries. Thus
new paradigms are proposed, the paradigm for muscle tuning
(impact forces produce soft tissue vibrations, which are damp-
ened through muscle activity) and the paradigm for instability
(unstable shoes are effective in training the small muscles and
improving general stability).

7 American Society of Biomechanics
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SCIENTIFIC SESSIONS: Podium

Author lists are in alphabetical order

Thursday, August 23, 2007
Podium 1: Motor Control |
Memorial Auditorium
Chair: Eric Perreault

9:45 - 11:00 AM

9:45 Goal equivalent control of variability in human
walking
Joseph Cusumano, Jonathan Dingwell, Michelle
Garel
Corresponding Author: Jonathan Dingwell
University of Texas
10:00 Low dimensional motor control and muscle
synergies
Max Berniker, Emilio Bizzi, Matthew Tresch
Corresponding Author: Max Berniker
Northwestern University
10:15 The transition between muscle coordination
patterns is context dependent
Sherry L. Backus, Kevin Keenan, Robert V.
McNamara III, Flor Alicia Medina, Stanley Song,
Carolyn Price , Francisco Valero-Cuevas Madhu
sudhan Venkadesan,
Corresponding Author: Flor Medina
Cornell University & The University of Southern
California
10:30 Can electromyography asymmetries during gait
be explained by limb dominance?
Matthew Seeley, Robert Shapiro, Brian Umberger
Corresponding Author: Matthew Seeley
Brigham Young University
10:45 Swing phase interruption in a slip: active or
passive response?
Rakie Cham
Corresponding Author: Rakie Cham
University of Pittsburgh

Thursday, August 23, 2007 9:45 - 11:00 AM
Podium 2: Methods |

Annenberg Auditorium

Chair: Steve Piazza

9:45 Posturographic analysis is possible without

ground reaction forces measurement through
markerless motion capture

Thomas Andriacchi, Stefano Corazza
Corresponding Author: Stefano Corazza
Stanford University
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10:00 Procrustes analysis applied to relative motion
plots of locomotor patterns in sprint

Leslie Decker, Francoise Natta, Sabine Renous
Corresponding Author: Leslie Decker
University of Nebraska-Omaha

10:15 Estimation of hip-muscle geometry using auto-
mated, non-rigid atlas-based registration of
MR images

Ilse Jonkers, Dirk Loeckx, Lennart Scheys, Arthur
Spaepen, Paul Suetens and Anja Van Campenhout,
Corresponding Author: Lennart Scheys

K.U. Leuven

10:30 Characterizing hamstrings muscle dynamics
during knee flexion-extension using real-time
MRI

Silvia Blemker, Andy Derbyshire, Nicholas Evoy,
Niccolo Fiorentino, Michael Guttman, Jonathan
Lin, Dimitru Mazilu, Elliot McVeigh
Corresponding Author: Niccolo Fiorentino
University of Virginia

10:45 A new method for quantifying foot bone-to-bone
positions

Michael J. Fassbind, David R. Haynor, Yangqiu
“Patrick” Hu, William R. Ledoux, Eric S. Rohr,
Bruce J. Sangeorzan

Corresponding Author: William Ledoux

VA Puget Sound

Thursday, August 23, 2007 9:45 - 11:00 AM

Podium 3: Bone |

Cubberley Auditorium

Chair: Glen Niebur

9:45 The enhanced daily load stimulus (EDLS):
Accounting for saturation, recovery and
standing
Peter Cavanagh, Kerim Gene, Brad Humphreys,
Gail Perusek

Corresponding Author: Kerim Genc
Case Western Reserve University
10:00 A computational approach to bone remodeling
postoperative to facet fusion
Dennis Abernathie, Ferris Pfeiffer, Douglas Smith
Corresponding Author: Ferris Pfeiffer
University of Missouri
10:15 Episodic subluxation increases third body
ingress and embedment in the THA bearing
surface
Anneliese D Heiner, Hannah J Lundberg, Thomas
E Baer, Douglas R Pedersen, John J Callaghan,
Thomas D Brown
Corresponding Author: Anneliese Heiner
University of lowa



10:30 A new method for studying the anabolic effects
of vibrational loading of bone: constrained
tibial vibration in mice

Philip Bayly, Blaine Christiansen, Matthew Silva
Corresponding Author: Blaine Christiansen
Washington University in St. Louis

10:45 Measurements of in vivo patellofemoral joint
kinematics with real-time MRI

Gary Beaupre, Thor Besier, Christine Draper,
Garry Gold, Juan Santos, and Scott Delp
Corresponding Author: Christine Draper
Stanford University

Thursday, August 23, 2007
Podium 4: Aging |
Memorial Auditorium
Chair: James Ashton-Miller

11:15

11:15 AM - 12:30 PM

*Journal of Biomechanics Award Finalist
Effects of lateral stabilization and arm swing
on metabolic cost of walking in young and
elderly adults

Claire Farley, Leslie Fehlman, Justus Ortega
Corresponding Author: Justus Ortega

University of Colorado

11:30 Human cervical spine mechanics across the
maturation spectrum
Randal Ching, David Linders, David Nuckley
Corresponding Author: David Nuckley
University of Washington

11:45 Load-modifying footwear intervention
lowers knee adduction moment, reduces pain,
and improves function in subjects with medial
compartment knee osteoarthritis
Thomas Andriacchi, Jennifer Erhart,
Nicholas Giori
Corresponding Author: Jennifer Erhart
Stanford University

12 noon Eccentric but not concentric muscle work is
retained with age in level walking
Paul DeVita, Patrick Rider, Allison Gruber,
Ken Steinweg, Mandana Fisher, Allison
Mazzenga, Stanislaw Solnik and
Tibor Hortobagyi
Corresponding Author: Paul DeVita
East Carolina University

12:15 Effect of age on shear modulus of skeletal
muscle
Kai-Nan An, Zachary Domire, Matthew
McCullough

Corresponding Author: Zachary Domire
Mayo Clinic College of Medicine
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Thursday, August 23, 2007 11:15 AM - 12:30 PM

Podium 5: Computational Biomechanics |
Annenberg Auditorium

Chair: Richard Hughes

11:15 Experimental evaluation of model-based lower
extremity induced accelerations

Yasin Dhaher, Betsy Hunter, Darryl Thelen
Corresponding Author: Betsy Hunter
Northwestern University

11:30 3D Finite element simulation of bone remodeling
under the tibial component of an Oxford knee
replacement

Harinderjit Gill, Hans Gray, Amy Zavatsky
Corresponding Author: Amy Zavatsky

University of Oxford

11:45 Predicting outcomes of treatment for stiff-knee
gait using supervised learning

Scott Delp, Melanie Fox, Jeffrey Reinbolt,
Michael Schwartz

Corresponding Author: Jeffrey Reinbolt

Stanford University

12 noon Influence of quadriceps muscle force
distributions on cartilage stresses at the
patellofemoral joint during running

Gary Beaupre, Thor Besier, Scott Delp, Garry Gold
Corresponding Author: Thor Besier

Stanford University

12:15 Stresses on movable core and loads on facets are
higher by implanting a cervical artificial disc
prosthesis as compared to bone grafting fusion
technique - a finite element model study

Howard An, Gunnar Andersson, Mozammil
Hussain, Raghu Natarajan

Corresponding Author: Mozammil Hussain

Rush University Medical Center

Thursday, August 23, 2007 11:15 AM - 12:30 PM

Podium 6: Ergonomics and Occupational Biomechanics |
Cubberley Auditorium

Chair: Devin Jindrich

11:15 Movement height affects kinematic variability
during fatigue

Jonathan Dingwell, Deanna Gates
Corresponding Author: Deanna Gates

University of Texas at Austin

11:30 Postural control strategies during prolonged
standing: is there a relationship with low back
discomfort?

Jack Callaghan, Diane Gregory, Erika Nelson-
Wong, David Winter

Corresponding Author: Erika Nelson-Wong
University of Waterloo
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11:45 The effect of friction and arm posture on max
pull / push force

Thomas Armstrong, Kathryn Dannecker, Na Jin Seo
Corresponding Author: Na Jin Seo

University of Michigan

12 noon Algorithm for identification of running, walking,
and standing activity in foot force data

Peter Cavanagh, Kerim Genc, Brad Humphreys,
Gail Perusek

Corresponding Author: Brad Humphreys

ZIN Technologies

12:15 Birth of the super pen: an innovative approach to
studying handwriting kinetics

Alexander Hooke, Jae Kun Shim

Corresponding Author: Alexander Hooke
University of Maryland

Thursday, August 23, 2007 1:45 - 3:00 PM

Podium 7: Walking
Memorial Auditorium

Chair: Clay Anderson

1:45 *Clinical Biomechanics Award Finalist

The anterior-posterior thickness variation of
femoral cartilage in the tibiofemoral joint is
influenced by the knee flexion angles during
walking

Thomas Andriacchi, Seungbum Koo, Jonathan
Rylander

Corresponding Author: Seungbum Koo
Stanford University

2:00 Walking in simulated hyper-gravity
Stephen Cain, Daniel Ferris
Corresponding Author: Stephen Cain
University of Michigan

2:15 Obstacle crossing behavior is affected by
Parkinson’s disease

Thomas Buckley, Chris Hass, Chris Pitsikoulis
Corresponding Author: Chris Hass

University of Florida

2:30 Effect of felt and recognized emotions on gait
kinematics

Elizabeth Crane, Barbara Fredrickson, Melissa
Gross

Corresponding Author: Melissa Gross
University of Michigan

2:45 Detecting asymmetries in braced and unbraced
limbs

Elizabeth T. Hsiao-Wecksler, John D. Polk, Karl
Rosengren, K. Alex Shorter

Corresponding Author: Elizabeth T. Hsiao-Wecksler
University of Illinois
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Thursday, August 23, 2007 1:45 - 3:00 PM

Podium 8: Injury
Annenberg Auditorium

Chair: Jack Dennerlein

1:45 Anterior cruciate rupture due to excessive
internal torque of the human tibia

Roger Haut, Eric Meyer

Corresponding Author: Roger Haut
Michigan State University

2:00 Biomechanics of impact loading of goat skull
(capra hircus) using CT image based finite
element modeling

Andrew Biewener, Ashkan Vaziri, Edwin Yoo
Corresponding Author: Edwin Yoo

Harvard University

2:15 A three-dimensional nonlinear kinematic finite
element model of the human cervical spine
under dynamic inertial loading

Ronald Anderson, Gerald Harris, Richard Hart,
Brad Probst, Bradley Probst

Corresponding Author: Bradley Probst

Tulane University

2:45 Female necks are not uniformly scaled versions
of male necks

Jonathan Danaraj, Gunter Siegmund,

Anita Vasavada

Corresponding Author: Anita Vasavada
Washington State University

Thursday, August 23, 2007

Podium 9: Sports |
Cubberley Auditorium

Chair: Mont Hubbard
1:45

1:45 - 3:00 PM

The effect of compression pants on postural
steadiness before and after tiring exercise
Gary Heise, Katharine Mack, Minoru Shinohara
Corresponding Author: Gary Heise

University of Northern Colorado

2:00 Changes in spring-mass characteristics during
400m sprint

Kouki Gomi, Hiroaki Hobara, Kazuyuki Kanosue,
Tetsuro Muraoka

Corresponding Author: Hiroaki Hobara

Waseda University

2:15 Trunk muscle activation and low-back loading
during the performance of standard and
suspended push-up exercises

Tyson A.C. Beach, Jack P. Callaghan,

Samuel J. Howarth

Corresponding Author: Tyson A.C. Beach
University of Waterloo



2:30

2:45

Thursday, August 23, 2007

Interactive effects of running speed and weight
support on metabolic cost and ground reaction
forces

Alena Grabowski, Rodger Kram

Corresponding Author: Alena Grabowski
University of Colorado, Boulder

Determination of heading frequency in youth
soccer

Cynthia Bir, Erin Hanlon

Corresponding Author: Cynthia Bir

Wayne State University

3:15 - 4:30 PM

Podium 10: Running
Memorial Auditorium

Chair: Rick Neptune

3:15

3:30

3:45

4:00

4:15

Thursday, August 23, 2007

Integrating the mechanical and metabolic
energetics of the swing phase of walking and
running

Richard Marsh, Jonas Rubenson
Corresponding Author: Jonas Rubenson
Northeastern University

Walking, skipping, and running produced from a
single bipedal model

Arthur Kuo, Shawn O’Connor

Corresponding Author: Shawn O’Connor

University of Michigan

Running stability is enhanced by a proximo-distal
gradient in joint mechanics

Biewener Andrew, Monica Daley

Corresponding Author: Biewener Andrew

Harvard University

Changing the demand on specific muscle groups
affects the walk-run transition speed

Jamie Bartlett, Rodger Kram

Corresponding Author: Jamie Bartlett

University of Colorado

Criteria for dynamic similarity in bouncing gaits
Sharon Bullimore, Jeremy Burn, Max Donelan
Corresponding Author: Sharon Bullimore
University of Calgary

3:15 - 4:30 PM

Podium 11: Upper Extremity
Annenberg Auditorium

Chair: Wendy Murray

3:15

Upper limb moment-generating capacity in
middle aged adults

Garry Gold, Katherine Holzbaur, Wendy Murray
Corresponding Author: Katherine Holzbaur
Stanford University/VA Palo Alto HCS

3:30

3:45

4:00

4:15

Thursday, August 23, 2007

erence at a glance 2007

Effect wrist and forearm muscle architecture on
wrist radial-ulnar deviation and forearm
pronation supination moment

Roger Gonzalez, John Ramsay

Corresponding Author: Roger Gonzalez
LeTourneau University

Glenohumeral joint reaction forces following
latissimus tendon transfer

Marcus Pandy, Kevin Shelburne, Michael Torry,
Takashi Yanagawa

Corresponding Author: Takashi Yanagawa
Steadman Hawkins Research Foundation

A three-dimensional model of the supraspinatus
muscle

Silvia Blemker, Scott Delp, Joshua Webb
Corresponding Author: Joshua Webb

Stanford University

Moment arm measurement to validate a closed-
loop feedback-controlled elbow joint simulator
Laurel Kuxhaus, Pat Schimoler, Angela M. Flamm,
Jeffrey S Vipperman, Mark E. Baratz, and

Mark Carl Miller

Corresponding Author: Laurel Kuxhaus

University of Pittsburgh, Allegheny General Hospital

3:15 - 4:30 PM

Podium 12: Tendon and Ligament
Cubberley Auditorium

Chair: Zachary Domire

3:15

3:30

3:45

A technique for determination of transverse
material properties of human flexor digitorum
tendons

Thomas D. Brown, Cheolwoong Ko, M. James
Rudert

Corresponding Author: Thomas D. Brown
University of lowa

Relationship between knee flexion moment and
early cartilage changes in the ACL reconstructed
knee

Sean Scanlan, Katerina Blazek, Joshua Schmidt,
Seungbum Koo, Ajit Chaudhari, Jason Dragoo, and
Tom Andriacchi

Corresponding Author: Sean Scanlan

Stanford University

The influence of patellar ligament insertion angle
on quadriceps usage during walking in ACL
reconstructed subjects

Thomas Andriacchi, Ajit Chaudhari, Chris Dyrby,
Choongsoo Shin

Corresponding Author: Choongsoo Shin

Stanford University

11 American Society of Biomechanics
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4:00 An algorithm for automated tracking of tendon
excursion from ultrasound images

Sabrina Lee, Gregory Lewis, Stephen Piazza
Corresponding Author: Stephen Piazza

The Pennsylvania State University

4:15 Cruciate ligament force during the wall squat and
one-leg squat

Rafael F. Escamilla, Naiquan Zheng, Alan Hreljac,
Rodney Imamura, Toran D. MacLeod, William B.
Edwards, Glenn S. Fleisig, Kevin E. Wilk
Corresponding Author: Rafael Escamilla

California State University, Sacramento

Friday, August 24, 2007

Podium 13: Locomotion Energetics
Memorial Auditorium

Chair: Young-Hui Chang
9:45

9:45 - 11:00 AM

Comparison of two methods of determining
relative effort during sit-to-stand

Dennis Anderson, Kathleen Bieryla,

Michael Madigan

Corresponding Author: Kathleen Bieryla
Virginia Tech

10:00 Independent effects of body weight and mass on
the metabolic cost of running

Alena Grabowski, Rodger Kram, Lennart Teunissen
Corresponding Author: Alena Grabowski

University of Colorado, Boulder

10:15 Disintegrating the metabolic cost of human
running: weight support, forward propulsion,
and leg swing

Rodger Kram, Erin Warddrip

Corresponding Author: Rodger Kram

University of Colorado - Boulder

10:30 Mechanics and energetics of level walking with
powered ankle exoskeletons

Daniel Ferris, Gregory Sawicki

Corresponding Author: Gregory Sawicki
University of Michigan-Ann Arbor

10:45 Center of mass velocity redirection predicts COM
work in walking

Peter Gabriel Adamczyk, Arthur D. Kuo
Corresponding Author: Peter Gabriel Adamczyk
University of Michigan

American Society of Biomechanics 12

Friday, August 24, 2007 9:45 - 11:00 AM

Podium 14: Hand

Annenberg Auditorium
Chair: Zong-Ming Li

9:45 Comparison of finger force enslaving and sharing
between mvf and oscillatory finger force
production tasks

Qi Li, Marcio A. Oliveira, Jae Kun Shim
Corresponding Author: Qi Li

University of Maryland

10:00 A data-driven Markov Chain Monte Carlo
Metropolis-Hastings algorithm for a model of the
human thumb

Carlos Bustamante, Veronica Santos, Francisco
Valero-Cuevas

Corresponding Author: Veronica Santos

Cornell University & The University of

Southern California

10:15 Modeling of the muscle/tendon excursions in an
index finger using the commercial software
AnyBody

Kai-Nan An, Robert G Cutlip, Ren G Dong,

John Z Wu

Corresponding Author: John Z Wu

National Institute for Occupational Safety

and Health

10:30 Variation in force and moment stabilizing
synergies with different finger combinations:
an uncontrolled manifold analysis

Sohit Karol, Jae Kun Shim

Corresponding Author: Sohit Karol

University of Maryland, College Park

10:45 Blind inference of tendon networks through
minimal testing

Hod Lipson, Anupam Saxena, Francisco
Valero-Cuevas

Corresponding Author: Anupam Saxena
Cornell University & The University of
Southern California

Friday, August 24, 2007 9:45 - 11:00 AM

Podium 15: Knee
Cubberley Auditorium

Chair: Heidi-Lynn Ploeg

9:45 The effect of collagen fibres on permeability of
articular cartilage

Salvatore Federico, Walter Herzog
Corresponding Author: Salvatore Federico

The University of Calgary



10:00

10:15

10:30

10:45

Friday, August 24, 2007

Changes in patellofemoral contact pressure due to
imbalance of the knee extensors

Doug Bourne, Walter Herzog, Azim Jihna,

Andrew Sawatsky

Corresponding Author: Andrew Sawatsky
University of Calgary

Regional variations in the depth-dependent
strain distribution in the tibial plateau
Thomas Andriacchi, Scott Bevill, Paul Briant,
Gabriel Sanchez

Corresponding Author: Gabriel Sanchez
Stanford University

Decreased knee flexion during landing increases
frontal plane loading of the knee

Christine Pollard, Christopher Powers,

Susan Sigward

Corresponding Author: Christine Pollard
University of Southern California

3d joint contact forces at the hip, knee, and
ankle during running at different stride lengths
Timothy Derrick, W. Brent Edwards,

Joshua Thomas

Corresponding Author: W. Brent Edwards

lowa State University

11:15 AM - 12:30 PM

Podium 16: Comparative Biomechanics
Memorial Auditorium

Chair: Andrew Biewener

11:15

11:30

11:45

A biomechanical study of vertebral allometry in
primates

Andrew L. Schifle, Leah C. Anderson, David A.
Loomis, Charles Kunos, Bruce Latimer,
Christopher J. Hernandez

Corresponding Author: Andrew Schifle

Case Western Reserve University

Effective fields in control muscles: efficacy of
control depends on biomechanical context in an
insect

Robert Full, Chris Mullens, Andrew Spence,
Simon Sponberg

Corresponding Author: Simon Sponberg
University of California, Berkeley

A hexapedal jointed-leg model for insect locomo-
tion in the horizontal plane

Philip Holmes, Raghavendra Kukillaya
Corresponding Author: Raghavendra Kukillaya
Princeton University

12 noon

12:15

Friday, August 24, 2007

erence at a glance 2007

Minimal muscle atrophy during hibernation in
captive brown bears

John Hershey, David Lin, O. Lynne Nelson,
Charles Robbins

Corresponding Author: David Lin

Washington State University

Functional heterogeneity within and between
hind limb muscles during running in guinea fowl
Andrew Biewener, Timothy Higham
Corresponding Author: Timothy Higham

Harvard University

11:15 AM - 12:30 PM

Podium 17: Muscle Mechanics
Annenberg Auditorium

Chair: Silvia Blemker

11:15

11:30

11:45

12 noon

12:15

*Microstrain Award Winner

In vivo sarcomere length measurement by
minimally invasive microendoscopy

Robert P. J. Barretto, Scott L. Delp, Michael E.
Llewellyn, Mark J. Schnitzer

Corresponding Author: Michael E. Llewellyn
Stanford University

Force transmission from soleus muscle in the cat;
is m. Soleus an independent actuator?

Huub Maas, Thomas G. Sandercock

Corresponding Author: Huub Maas

Northwestern University

Functional implications of optimal muscle fiber
lengths of the ankle plantarflexors

Edith Arnold, Scott Delp, Richard Lieber,

Samuel Ward

Corresponding Author: Edith Arnold

Stanford University

*Journal of Biomechanics Award Finalist
Active and passive force enhancement in rabbit
psoas myofibrils

Walter Herzog, Venus Joumaa, Tim Leonard
Corresponding Author: Venus Joumaa

University of Calgary

Strains in the biceps brachii during dynamic el
bow flexion show concentric, eccentric and
isometric behavior simultaneously

Brian Knarr, John Novotny, Hehe Zhou
Corresponding Author: John Novotny

University of Delaware
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Friday, August 24, 2007

Podium 18: Rehabilitation |
Cubberley Auditorium

Chair: Yasin Dhaher
11:15

11:15 AM - 12:30 PM

Upper extremity kinematics of crutch-assisted
gait in children with myelomeningocele
Gerald Harris, Brooke Slavens, Peter Sturm
Corresponding Author: Brooke Slavens
Marquette University

11:30 Correlation between knee adduction moment
and the ratio of medial-to-lateral compartment
compression in subjects with knee osteoarthritis
undergoing high-tibial osteotomy.

Timothy Bhatnagar, Trevor Birmingham,

Thomas Jenkyn

Corresponding Author: Thomas Jenkyn

University of Western Ontario

11:45 Mechanical vibrations reduce the intervertebral
disc swelling and muscle atrophy from bed rest
Nilsson Holguin, Jesse Muir, Harlan J. Evans,
Yi-Xian Qin, Clinton Rubin, Mark Wagshul, and
Stefan Judex

Corresponding Author: Nilsson Holguin

Stony Brook University

12 noon Asymmetric stability margin of postural response
to perturbation in unilateral transtibial amputees
Lena Ting, Yi-Ying Tsai

Corresponding Author: Lena Ting

Emory University and Georgia Institute of
Technology

12:15 Effect of visual uncertainty on adaptation to
ankle perturbations

Timothy N. Judkins, Lewis A. Wheaton, J.C.
Mizelle, Hermano I. Krebs, Richard F. Macko, and
Larry W. Forrester

Corresponding Author: Timothy Judkins
University of Maryland School of Medicine

Friday, August 24, 2007

Podium 19: Neurorehabilitation
Memorial Auditorium

Chair: David Reinkensmeyer
1:45

1:45 - 3:00 PM

Spinal cord injured subjects use ankle-foot load
feedback to modulate hip torque during
locomotion

Keith Gordon, Brian Schmit, Ming Wu
Corresponding Author: Keith Gordon
Rehabilitation Institute of Chicago

American Society of Biomechanics 14

2:00 Motor adaptation during dorsiflexion-assisted
walking with a powered orthosis

Daniel Ferris, Pei-Chun Kao

Corresponding Author: Pei-Chun Kao
University of Michigan

2:15 Metabolic costs and walking symmetry of
trans-tibial amputees are influenced by prosthetic
mass distribution

Philip Martin, Jeremy Smith

Corresponding Author: Jeremy Smith

Ball State University

2:30 Regulating shoulder net joint moments during
wheelchair propulsion

Jill McNitt-Gray, Shashank Raina, Philip Requejo
Corresponding Author: Shashank Raina
University of Southern California

2:45 Gait adaptability in people with unilateral
trans-tibial amputations in response to variable
walking speed and body weight support

Jason Johanning, Iraklis Pipinos, Nicholas Stergiou,
A. Joseph Threlkeld, Clinton Wutzke
Corresponding Author: A. Joseph Threlkeld
Creighton University

Friday, August 24, 2007

Podium 20: Motor units
Annenberg Auditorium

Chair: Rick Lieber
1:45

1:45 - 3:00 PM

Detecting the transient recruitment of motor units
in the surface electromyogram during a sustained
contraction

Roger Enoka, Jane Litsey, Zachary Riley, Mary
Terry, Alberto-Mendez Villaneuva

Corresponding Author: Zachary Riley

University of Colorado, Boulder

2:00 Improving models of motor unit function is best
done by refining their neural mechanisms
Kevin Keenan, Francisco Valero-Cuevas
Corresponding Author: Kevin Keenan

Cornell University & The University of Southern
California

2:15 DTI-based fiber tracking reveals a multifaceted
alteration of pennation angle in tibialis anterior
muscle upon muscle lengthening

Bruce Damon, Zhaohua Ding, Anneriet Heemskerk,
Tuhin Sinha

Corresponding Author: Anneriet Heemskerk
Vanderbilt University



2:30 Maximising the resolution of EMG characteristics
from dynamic contractions by combining a
muscle model and wavelet analysis

Steph Forrester, Matt Pain

Corresponding Author: Matt Pain

Loughborough University

2:45 The effect of temperature on residual force
enhancement in single skeletal muscle fibers
Walter Herzog, Eun-Jeong Lee

Corresponding Author: Eun-Jeong Lee
University of Calgary

Friday, August 24, 2007 1:45 - 3:00 PM

Podium 21: Ergonomics and Occupational Biomechanics |l
Cubberley Auditorium

Chair: Joseph Crisco

1:45 Modeling of the dynamic muscle force in an index
finger during tapping

Kai-Nan An, Robert G Cutlip, Ren G Dong,
Kristine Krajnak, John Z Wu

Corresponding Author: John Z Wu

National Institute for Occupational Safety

and Health

2:00 Hammering and dart throwing are kinematically
different

Joseph Crisco, Patrick Curran, Douglas Moore,
Michael Rainbow

Corresponding Author: Joseph Crisco

Brown University

2:15 Sagittal lumbar intervertebral angles in seated
postures using fluoroscopy

Jack Callaghan, Nadine Dunk, Tom Jenkyn,
Angela Kedgley

Corresponding Author: Nadine Dunk

University of Waterloo

2:30 Predicting slow changes in muscle fatigue from
kinematics

David Chelidze, Jonathan Dingwell, David Segala,
Miao Song

Corresponding Author: Jonathan Dingwell
University of Texas

2:45 Modeling 3D knee torque surfaces for males
and females

Laura Frey Law, Andrea Laake
Corresponding Author: Andrea Laake
University of lowa

erence at a glance 2007

Friday, August 24, 2007 3:15 - 4:30 PM

Podium 22: Neuromechanics
Memorial Auditorium

Chair: Jonathan Dingwell

3:15 *Clinical Biomechanics Award Finalist
Evidence of gender specific motor templates to
resist a valgus perturbation at the knee

Martha Cammarata, Tobey DeMott, Yasin Dhaher
Corresponding Author: Martha Cammarata
Northwestern University

3:30 Visual perturbation of walking balance
Arthur Kuo, Shawn O’Connor
Corresponding Author: Shawn O’Connor
University of Michigan

3:45 Effect of neuromuscular resistance training on
multi-finger synergy

Jeffrey Hsu, Sohit Karol, Jae Kun Shim
Corresponding Author: Jeffrey Hsu

University of Maryland

4:00 Effects of repetitive drop jumps on lower
extremity landing mechanics

Eric Dugan, Holmes Finch, Jeremy Smith,
Joshua Weinhandl

Corresponding Author: Joshua Weinhandl
Ball State University

4:15 Torque coupling post stroke: implication for gait
Yasin Dhaher, Theresa Hayes

Corresponding Author: Theresa Hayes
Northwestern University

Friday, August 24, 2007 3:15 - 4:30 PM

Podium 23: Muscle
Annenberg Auditorium

Chair: Kevin Keenan

3:15 Is a passive element responsible for the enhance-
ment of isometric muscle force following active
stretch?

Sharon Bullimore, Walter Herzog

Corresponding Author: Sharon Bullimore
University of Calgary

3:30 Crouched gait postures reduce the capacity of
uni-articular muscles to extend the hip and
knee joints

Scott Delp, Jennifer Hicks, Michael Schwartz
Corresponding Author: Jennifer Hicks

Stanford University

15 American Society of Biomechanics
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3:45 Growth-dependent enhancement of mouse
neonatal muscle morphology and contractile
function

David Gokhin, Richard Lieber

Corresponding Author: Richard Lieber
University of California, San Diego

4:00 Increased stress production and response to
injury in desmin knockout muscles rescued by
plasmid transfection

Shannon Bremner, Richard Lieber, Michelle
Palmisano

Corresponding Author: Richard Lieber
University of California, San Diego

4:15 EMG characteristics of dynamic knee extensions
determined by combined muscle modelling and
wavelet analysis

Steph Forrester, Matt Pain

Corresponding Author: Matt Pain

Loughborough University

Friday, August 24, 2007

Podium 24: Rehabilitation Il
Cubberley Auditorium

Chair: Matt Tresch

3:15 Effects of UHMWPE surface roughness and
lubrication on the frictional properties of total
knee replacements
Ryan Landon, Ryan Lucking, Stephen Piazza
Corresponding Author: Stephen Piazza
The Pennsylvania State University

3:15 - 4:30 PM

3:30 Point markers versus cluster triads: multi-segment
foot model performance is insensitive to the
architecture of the reflective markers used in
optical motion analysis

Kiersten Anas, Colin Dombroski, Thomas Jenkyn,
Shawn Robbins

Corresponding Author: Thomas Jenkyn

University of Western Ontario

3:45 Effect of the knee joint contact path on the
quadriceps extension moment during gait

Hannah Lundberg, Valentina Ngai, Andrea Swanson,
Markus Wimmer

Corresponding Author: Hannah Lundberg

Rush University Medical Center

4:00 Variability in secondary motions of the knee
following total joint replacement

Valentina Ngai, Markus Wimmer
Corresponding Author: Valentina Ngai

Rush University Medical Center

American Society of Biomechanics 16

4:15 Gait stability following total hip replacement
Li-Shan Chou, Dennis Collis, Brian Jewett, Virginia
Klausmeier, Vipul Lugade

Corresponding Author: Li-Shan Chou

University of Oregon

Saturday, August 25, 2007 9:45 - 11:00 AM

Podium 25: Aging Il
Memorial Auditorium

Chair: Darryl Thelen

9:45 Biomechanical modeling to identify risk factors in
knee OA: model dependence upon source MRI
field strength

Donald Anderson, Thomas Brown, Neil Segal,
James Torner

Corresponding Author: Donald Anderson

The University of lowa

10:00 Hip joint moments and bone mineral density in
healthy older women

Thomas Andriacchi, Gary Beaupre, Katherine Boyer
Corresponding Author: Katherine Boyer

Stanford University

10:15 Lateral falls after a slip are affected by medial/
lateral slipping foot displacement

Stephanie Donovan, Mark Grabiner, Karen Troy
Corresponding Author: Mark Grabiner

University of lllinois at Chicago

10:30 Rapid shoulder flexion after a slip may assist
fall avoidance

Stephanie Donovan, Mark Grabiner, Karen Troy
Corresponding Author: Mark Grabiner
University of lllinois at Chicago

10:45 Young adults adapt to prevent falls from
unpredictable balance disturbances
Michael Pavol, Lisa Welsh

Corresponding Author: Michael Pavol
Oregon State University

Saturday, August 25, 2007

Podium 26: Computational Biomechanics Il
Annenberg Auditorium

Chair: Veronica Santos
9:45

9:45 - 11:00 AM

Long-duration muscle-actuated simulations of
walking at multiple speeds

Frank (Clay) Anderson, Scott Delp, Eran
Guendelman, Jill Higginson, Chand John
Corresponding Author: Chand John

Stanford University



10:00

10:15

10:30

10:45

OPENSIM: an open-source platform for
simulating and analyzing musculoskeletal
dynamics

Frank (Clay) Anderson, Eran Guendelman,
Peter Loan, Ayman Habib, Chand John,
Allison Arnold, Darryl Thelen, and Scott Delp
Corresponding Author: Frank (Clay) Anderson
Stanford University

Biomechanical neck model based on the visible
human female

Richard Lasher, Linda Rico, Anita Vasavada,
Liying Zheng

Corresponding Author: Liying Zheng
Washington State University

Can a passive dynamic walking robot exhibit a
deterministic nonlinear gait?

Chris Arellano, Timothy Judkins, Max Kurz,
Melissa Scott-Pandorf

Corresponding Author: Timothy Judkins
University of Maryland School of Medicine

Simulation insights into experimental techniques
for estimating walking stability

Kevin Granata, Anthony Marsh, James Norris
Corresponding Author: James Norris

WFU-VT

Saturday, August 25, 2007 9:45 - 11:00 AM

Podium 27: Sports li
Cubberley Auditorium

Chair: Alison Sheets

9:45

10:00

10:15

Design of safe ski jump landing surfaces
Mont Hubbard

Corresponding Author: Mont Hubbard
University of California, Davis

Reduced shoe-surface friction can increase the
risk of non-contact ACL injury during cutting
movements

Ariel Dowling, Stefano Corazza, Lars Mundermann,
Todd Alamin, Thomas Andriacchi, and Ajit
Chaudhari

Corresponding Author: Ariel Dowling

Stanford University

Regulation of reaction forces during the impact
phase of landings

Henryk Flashner, Jill McNitt-Gray, Joseph
Munaretto

Corresponding Author: Joseph Munaretto
University of Southern California

erence at a glance 2007

10:30 The influence of maturation and lower extremity
kinetics on swing limb foot velocity in young
females during a soccer kick
Mark Lyle, Christine Pollard, Christopher Powers,
Susan Sigward
Corresponding Author: Mark Lyle
University of Southern California, Los Angeles, CA

10:45 Roles of leading and trailing arms in baseball
bat swing
Richard Hinrichs, Young-Kwan Kim
Corresponding Author: Young-Kwan Kim
Arizona State University

Saturday, August 25, 2007 11:15 AM - 12:30 PM
Podium 28: Motor Control Il

Memorial Auditorium

Chair: Boris Prilutsky

11:15 Enhanced inter-joint reflex coupling may

contribute to impaired coordination in
hemiparetic stroke

Yasin Dhaher, James Finley, Eric Perreault
Corresponding Author: James Finley
Northwestern University

11:30 Quantifying stretch reflex contributions to
multijoint coordination following stroke
Eric Perreault, Vengateswaran Ravichandran,
Randy Trumbower
Corresponding Author: Randy Trumbower
Rehabilitation Institute of Chicago & Northwestern
University

11:45 Movement stability is affected by muscle fatigue
Jonathan Dingwell, Deanna Gates
Corresponding Author: Deanna Gates
University of Texas at Austin

12 noon Stability criteria reduce neuromuscular
redundancy in postural control
Nathan E. Bunderson, Thomas J. Burkholder,
Lena H. Ting
Corresponding Author: Nathan E. Bunderson
Georgia Institute of Technology

12:15 Cortical networks for controlling instabilities in
dexterous manipulation
Chad Lau, Kristine Mosier, Francisco J.
Valero-Cuevas, Madhusudhan Venkadesan,
Yang Wang
Corresponding Author: Madhusudhan Venkadesan
Cornell University, The University of Southern
California & Indiana University

17 American Society of Biomechanics
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Saturday, August 25, 2007

11:15 AM - 12:30 PM

Podium 29: Methods Il
Annenberg Auditorium

Chair: Li-Shan Chou

11:15

11:30

11:45

12 noon

12:15

Tracking the position of insole pressure sensors
during walking and running

Elizabeth Chumanov, Christian Remy, Darryl Thelen
Corresponding Author: Elizabeth Chumanov
University of Wisconsin - Madison

Automatic generation of a subject specific model
for accurate markerless motion capture and
biomechanical applications

Thomas Andriacchi, Stefano Corazza, Emiliano
Gambaretto, Lars Miindermann

Corresponding Author: Stefano Corazza

Stanford University

In vivo knee loading measured by an instrumented
total knee replacement during activities of

daily living

Thomas Andriacchi, Cliff Colwell, Darryl D’Lima,
Chris Dyrby, Anne Muendermann

Corresponding Author: Chris Dyrby

Stanford University

Temporomandibular joint kinematics in
osteoarthritic patients pre- and post-surgery:
The combination of electromagnetic motion data
with patient-specific CT images

Kai-Nan An, Evre Baltali, Eugene Keller,

Matthew Koff, Kristin Zhao

Corresponding Author: Kristin Zhao

Mayo Clinic

A novel method for patient specific finite element
mesh development of the spine

Nicole Grosland, Nicole Kallemeyn, Kiran Shivanna
Corresponding Author: Nicole Grosland

The University of lowa

American Society of Biomechanics 18

Saturday, August 25, 2007

11:15 AM - 12:30 PM

Podium 30: Bone I
Cubberley Auditorium

Chair: Katherine Boyer

11:15

11:30

11:45

12 noon

12:15

Subject specific geometry reconstruction of
knee bones

Anthony G Au, Darren Palathinkal, Adrian B
Liggins, V James Raso, Jason Carey,

Robert G Lambert, Alidad Amirfazli
Corresponding Author: Alidad Amirfazli
University of Alberta

Compressive properties of trabecular bone in the
distal femur

Travis Burgers, Jim Mason, Glen Niebur, Heidi Ploeg
Corresponding Author: Travis Burgers

University of Wisconsin-Madison

Displaced soft tissue volume as a metric of
comminuted fracture severity

Donald Anderson, Thomas Brown, J Lawrence
Marsh, Thaddeus Thomas

Corresponding Author: Thaddeus Thomas
University of lowa

Determining site-specific bone loss in mice
Brandon Ausk, Ted Gross, Philippe Huber,
Sundar Srinivasan

Corresponding Author: Brandon Ausk
University of Washington

A biomechanical comparison of an all-locked vs.
Hybrid screw configuration of proximal

tibial plates

Kristine Csavina, Chris Estes, David Jacofsky,
Wade Shrader

Corresponding Author: Kristine Csavina
SHRI-CORE Orthopedic Research Labs
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4:30 - 6:15 PM

Poster Session 1: Skeletal Tissue
Memorial Auditorium

P1-1

P1-2

P1-3

P1-4

P1-5

P1-6

P1-7

Transverse damage and failure behavior of
trabecular bone

Jaqueline Keilty, Glen Niebur, Constance Slaboch
Corresponding Author: Glen Niebur

University of Notre Dame

A calibration method for stereo fluoroscopic
imaging systems

J. Erik Giphart, Bart Kaptein, Kevin Shelburne,
Michael Torry

Corresponding Author: J. Erik Giphart
Steadman-Hawkins Research Foundation, Vail, CO

A finite element analysis of femoral stresses in a
simulated falling on the hip condition

Kevin E. Bennet, Mark E. Bolander, Dan M.
Dragomir-Daescu, Sean McEligot, Miranda N. Shaw,
Michael J. Burke, and Geraldine K. Bernard
Corresponding Author: Dan M. Dragomir-Daescu
Mayo Clinic Division of Engineering

The effect of loading rate on porcine lumbar
spinal segments: an in-vitro biomechanical study
Kornelia Kulig, Gadi Pelled, John Popovich,

Wafa Tawackoli, Judson Welcher, D. Gazit
Corresponding Author: John Popovich

University of Southern California

Stresses in the L2 vertebra under different
loading conditions

Ibrahim Erdem, Eeric Truumees, Marjolein C.H.
van der Meulen

Corresponding Author: Marjolein C.H. van der
Meulen

Cornell University

Refinements in modeling the mechanical
properties of laryngeal soft tissue

Eric Hunter, Ingo Titze

Corresponding Author: Eric Hunter

National Center for Voice and Speech; Denver
Center for the Performing Arts

Non-rigid registration of deformable shape
models produces a superior normative

femur model

Weidong Luo, Frances Sheehan, Steven Stanhope
Corresponding Author: Weidong Luo

Catholic University of America

P1-8

P1-9

P1-10

P1-11

P1-12

P1-13

P1-14

P1-15

P1-16
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Difference in biomechanical properties between
a cervical pedicle screw construct and lateral
mass cervical fixation

Brad Dunlap, Eldin Karaikovic, Hyung-Soon Park,
Li-Qun Zhang

Corresponding Author: Li-Qun Zhang
Rehabilitation Institute of Chicago

Effect of facet arthroplasty on the biomechanics
of the lumbar spine — a finite element study
Jorge Ochoa, David Rosler, Sasidhar Vadapalli
Corresponding Author: Sasidhar Vadapalli

Archus Orthopedics Inc.,

Bone surface tracking for standing knee MRI:

a validation study

Peter Barrance, Joaquin Barrios, Irene Davis, Brian
Noehren, Michael Pohl

Corresponding Author: Peter Barrance

Kessler Medical Rehabilitation Research and
Education Center

Carpal cartilage thickness mapping using
micro-CT

Jane Casey, Joseph Crisco, Douglas Moore
Corresponding Author: Douglas Moore
Department of Orthopaedics, Brown Medical
School/RI Hospital

Effects of labrum thickness and modulus on
glenohumeral capsule and labrum strains
Richard Debski, Nick Drury, Ben Ellis, Jeff Weiss
Corresponding Author: Jeff Weiss

University of Utah

Effects of area selection choice on quantifying
proximal tibia bone density

David Hudson, Todd Royer

Corresponding Author: Todd Royer

University of Delaware

Biomechanics of the prodisc artificial disc using
finite element analysis

Yabo Guan, Dennis J. Maiman, Frank A. Pintar,
Narayan Yoganandan, Jiangyue Zhang
Corresponding Author: Yabo Guan

Medical College of Wisconsin

Strand-based simulation of tendinous systems
Dinesh K. Pai, Shinjiro Sueda

Corresponding Author: Shinjiro Sueda
University of British Columbia

Accuracy of radiographic intervertebral
kinematics as a determinant of lumbar fusion
Amir Fayyazi, Bruce Fredrickson, Nathaniel
Ordway, Soo-An Park, Mike Sun, Hansen Yuan
Corresponding Author: Soo-An Park
SUNY-Upstate Medical University
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P1-17

P1-18

P1-19

P1-20

P1-21

P1-22

P1-23

P1-24

A novel approach to design knee implants for
wear and stress shielding performance
Alidad Amirfazli, Anthony Au, Il Yong Kim,
Ryan Willing

Corresponding Author: Il Yong Kim

Queen’s University

3.5 mm lag screws as compared with 6.5 mm

lag screws for fixation of the distal femur:
implications for reconstruction of complex

joint injuries

Anjali Gupta, John McCamley, M. Wade Shrader,
Kristine Csavina, David J. Jacofsky, Paul Tornetta III
Corresponding Author: Kristine Csavina
SHRI-CORE Orthopedic Research Labs,

Sun City West, AZ

An in vivo 3d articular model of the radioscapho-
capitate (RSC) ligament during wrist flexion/ex-
tension and ulnar/radial deviation

Edward Akelman, Joseph Crisco, Douglas Moore,
Michael Rainbow, Scott Wolfe

Corresponding Author: Joseph Crisco

Department of Orthopaedics, Brown Medical
School/Rhode Island Hospital

North American perception of the prestige of
biomechanics serials

John Chow, Duane Knudson

Corresponding Author: Duane Knudson
California State University, Chico

Fatigue induced damage in cemented total hip
arthroplasty can be investigated by acoustic
emission

Jihui Li, Gang Qi

Corresponding Author: Jihui Li

Columbia University

Finite element parameters affecting micromo-
tion and strain energy density predictions in tibial
model as determined by factorial analysis

Michael Dunbar, Adam Henderson, Heidi Ploeg,

Jill Schmidt

Corresponding Author: Jill Schmidt

University of Wisconsin-Madison

The influence of using one or two lag screws on
the mechanical environment of a femoral neck
fracture.

Chris Brown, Philip Procter, David Simpson,
Alan Yettram

Corresponding Author: David Simpson
University of Oxford

The effect of using modular necks with an
uncemented hip stem on primary stability
Harinderjit Gill, Paige Little, David Simpson
Corresponding Author: David Simpson
University of Oxford
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P1-25

P1-26

P1-27

P1-28

P1-29

P1-30

P1-31

P1-32

P1-33

Polyethylene stresses in unicompartmental knee
replacements during a step-up activity.
Harinderjit Gill, David Simpson

Corresponding Author: David Simpson

University of Oxford

Dynamic loading and biological growth
Samer Adeeb, Marcelo Epstein, Walter Herzog
Corresponding Author: Samer Adeeb
University of Calgary

The effect of bone microstructure on microcracks
propagation trajectory

Ahmad Reza Arshi, Mohamad Reza Eslami,

Hamid Reza Katoozian, E. Mallakin, Manssour
Moceinzadeh, Ahmad Raeisi Najafi

Corresponding Author: Manssour Moeinzadeh
University of lllinois at Urbana- Champaign

Biomechanical effects of minimally invasive
treatment for cervical spondylotic myelopathy
Gunnar B.J. Andersson, Lacey E. Bresnahan,
Richard G. Fessler, Mozammil Hussain,

Raghu N. Natarajan

Corresponding Author: Lacey E. Bresnahan

The University of Chicago

Calibration of the ZETOS bone loading system
Sylvana Garcia, Heidi Ploeg, Everett Smith
Corresponding Author: Sylvana Garcia
University of Wisconsin - Madison

Anisotropic stress analysis of the second metatarsal
Timothy Derrick, W. Brent Edwards, Stacey
Meardon, Erin Ward

Corresponding Author: W. Brent Edwards

lowa State University

In vitro validation of a dynamic finite element
tkr model

Randy Ellis, Joel Lanovaz

Corresponding Author: Joel Lanovaz

University of Saskatchewan

Joint loads and bone strains associated with a
resurfaced femoral head

Donald L. Bartel, Christopher T. Cheng,

Jason P. Long

Corresponding Author: Jason P. Long

Cornell University

The evaluation of tribological properties of
biomaterials used for knee replacements

Radek Sedlacek, Jana Vondrova

Corresponding Author: Radek Sedlacek

Czech Technical University in Prague, Faculty of
Mechanical Engineering



P1-34

P1-35

P1-36

P1-37

P1-38

P1-39

P1-40

P1-41

Marrow space used for high resolution image
segmentation of cancellous and cortical bone
Robert Burden, Michael Voor, Seid Waddell,
Qian Xu

Corresponding Author: Qian Xu

University of Louisville

A finite element investigation into the
biomechanical effects of minimally invasive
treatment for cervical spondylotic myelopathy
Gunnar B.J. Andersson, Lacey E. Bresnahan,
Richard G. Fessler, Mozammil Hussain,

Raghu N. Natarajan

Corresponding Author: Lacey E. Bresnahan

The University of Chicago

Effects of ACL interference screws on articular
cartilage thickness measurements with 1.5T
and 3T MRI

Megan Bowers, Braden Fleming, Evan Leventhal,
Nhon Trinh, Glenn Tung, JJ Crisco, BB Kimia
Corresponding Author: Braden Fleming

Brown Medical School/Rhode Island Hospital

Can height loss across a functional spinal unit
modified by static rest breaks mitigate cumulative
compression induced injury?

Jack P. Callaghan, Robert J Parkinson
Corresponding Author: Robert J Parkinson
University of Waterloo

Ankle angle and localized muscle fatigue effects
on tibial response during heel impacts

David Andrews, Adriana Holmes

Corresponding Author: Adriana Holmes
University of Windsor

Biomechanics of adjacent segments with number
of inter-body bone grafts and spinal instrumenta-
tions for a multi-level fusion construct using a
finite element model

Howard An, Gunnar Andersson, Mozammil Hussain,
Ahmad Nassr, Raghu Natarajan

Corresponding Author: Mozammil Hussain

Rush University Medical Center

Relationship between failure progression in a

lumbar disc and manual lifting - a poroelastic
finite element model study

Howard An, Gunnar Andersson, Steve Lavender,
Raghu Natarajan

Corresponding Author: Raghu Natarajan

Rush University of Medical Center

Finite element simulation of nanoindentation tests
for cortical bone using a damaged plastic model
Satya Paruchuru, Xuanliang Dong, Xiaodu Wang
Corresponding Author: Xuanliang Dong

University of Texas at San Antonio

P1-42
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Mechanical testing of tendon in transverse
compression

C. Paul Buckley, S.T. Samuel Salisbury,
Amy B. Zavatsky

Corresponding Author: Amy B. Zavatsky
University of Oxford

4:30 - 6:15 PM

Poster Session 2: Aging
Memorial Auditorium

P2-1

P2-2

P2-3

P2-4

P2-5

P2-6

Effects of age and loss of balance direction on the
kinematics of the threshold of balance recovery
Cecile Smeesters, Alessandro Telonio
Corresponding Author: Cecile Smeesters

Universite de Sherbrooke

Stair descent knee power changes following
minimally invasive computer navigated total knee
arthroplasty

Kristine Csavina, David Jacofsky, John McCamley,
M. Wade Shrader

Corresponding Author: John McCamley
SHRI-CORE Orthopedic Research Labs,

Sun City West, AZ

Dynamic postural stability during sit-to-walk
transitions in the healthy young and healthy
elderly

Thomas Buckley, Chris Hass, Chris Pitsikoulis
Corresponding Author: Thomas Buckley
Georgia Southern University

Effect of Parkinson’s disease on step response to
a backwards pull

Stephen D. Jernigan, Carl Luchies, Kelly Lyons,
Molly McVey, Rajesh Pahwa, Antonis Stylianou
Corresponding Author: Carl Luchies

The University of Kansas

Passive and active contributions to joint kinetics
in elderly gait

Bryan Heiderscheit, Amy Silder, Darryl Thelen,
Ben Whittington

Corresponding Author: Amy Silder

University of Wisconsin - Madison

Altered response to a backwards pull in
Parkinson’s disease.

Carl Luchies, Kelly Lyons, Molly McVey, Rajesh
Pahwa, Antonis Stylianou

Corresponding Author: Carl Luchies

University of Kansas
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P2-7

P2-8

P2-9

P2-10

P2-11

Age and fatigue effects on lower extremity joint
torque development

Gregory King, Carl Luchies, Molly McVey,
Antonis Stylianou

Corresponding Author: Gregory King

University of Missouri - Kansas City

Separating the influence of age and speed on
gait variability

Jonathan Dingwell, Hyun Gu Kang
Corresponding Author: Jonathan Dingwell
University of Texas at Austin

Pad causes alterations in the variability of

gait patterns

Jason Johanning, Naomi Kochi, Sara Myers, Iraklis
Pipinos, Nick Stergiou

Corresponding Author: Sara Myers

University of Nebraska at Omaha

Center of mass and ankle inclination angles
during walking: an alternative detection of gait
instability

Chu-Jui Chen, Li-Shan Chou

Corresponding Author: Li-Shan Chou

University of Oregon

Cruciate ligament removal contributes to
abnormal knee motion during posterior stabilized
total knee arthroplasty

Melinda Cromie, Scott Delp, Nicholas Giori,

Robert Siston

Corresponding Author: Melinda Cromie

Stanford University

Thursday, August 23, 2007
4:30 - 6:15 PM

Poster Session 3: Motor Control
Memorial Auditorium

P3-1

P3-2

P3-3

Muscle synergies for human postural control are
robustly used across multiple postural
configurations

Lena Ting, Gelsy Torres-Oviedo

Corresponding Author: Lena Ting

Emory University and Georgia Institute of Technology

Solutions of a redundant motor task with
sub-task conflict

Jaebum Park, Jae Kun Shim
Corresponding Author: Jacbum Park
University of Maryland

Bidirectional neural coupling between upper and
lower limbs

Daniel Ferris, Helen Huang

Corresponding Author: Helen Huang

University of Michigan
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P3-4

P3-5

P3-6

P3-7

P3-8

P3-9

P3-10

P3-11

P3-12

Changes in the postural control system following
localized muscle fatigue: a time-delayed stability
analysis

Bradley Davidson, Michael Madigan, Maury
Nussbaum

Corresponding Author: Bradley Davidson

Virginia Tech

Electromyographic correlates of internal models
of target reaching tasks in randomized force fields
Wen Liu, Mukul Mukherjee

Corresponding Author: Mukul Mukherjee

University of Kansas Medical Center

Processing effects on joint moments during
impact landings

Jeffery Podraza, Scott White

Corresponding Author: Scott White
University at Buffalo

Presentation of target torque level and error
information enhance maximal voluntary elbow
flexion torque

Makoto Fukuda, Tetsuo Fukunaga, Yasuo
Kawakami, Yohei Takai

Corresponding Author: Makoto Fukuda

Waseda University

A non-linear analysis of kinematic variability
during cyclic reach-and-point movements.
Robert Gregory, David Heller

Corresponding Author: Robert Gregory

United States Military Academy

Modelling static force generation of rat hindlimb
muscles by direct stimulation

Dinesh Pai, Matthew Tresch, Sang Hoon Yeo
Corresponding Author: Matthew Tresch
Northwestern University

Critical time-to-contact after postural
perturbations

Graham Caldwell, Catherine Gariepy, Christopher
Hasson, William McDermott, Richard Van Emmerik
Corresponding Author: Christopher Hasson
University of Massachusetts

Adaptations to task mechanics alter stretch reflex
gain but not intermuscular coordination

Kuifu Chen, Gwyn Lewis, Eric Perreault
Corresponding Author: Eric Perreault

Northwestern University

Effect of surface compliance on stepping responses
to trunk perturbations

James Ashton-Miller, Manuel Hernandez
Corresponding Author: Manuel Hernandez
University of Michigan



P3-13

P3-14

P3-15

P3-16

P3-17

P3-18

P3-19

P3-20

P3-21

The optimal release angles of elite discus throwers
Steve Leigh, Hui Liu, Bing Yu

Corresponding Author: Steve Leigh

The University of North Carolina at Chapel Hill

Switching control to actuate elbow motion
Mark E. Baratz, Daniel Budny, Angela Flamm,
Laurel Kuxhaus, Mark Carl Miller, Pat Schimoler,
Jeffrey Vipperman

Corresponding Author: Pat Schimoler

University of Pittsburgh

Stabilization of locomotion by a musculoskeletal
model of cat hindlimbs with hill-type actuators
Alexander Klishko, Boris Prilutsky

Corresponding Author: Boris Prilutsky

Georgia Institute of Technology

Rambling-trembling decomposition in two
dimensions

Marcos Duarte, Mark Latash, Thomas Robert,
Vladimir Zatsiorsky

Corresponding Author: Thomas Robert

The Pennsylvania State University

Angular momentum control of forward
dynamic walking

Mark Able, Bradford Bennett, Alexandre Ledoux,
Shawn Russell, Pradip Sheth

Corresponding Author: Bradford Bennett
University of Virginia

Examination of cutting knee mechanics using
principal components analysis

Michael Bottum, Kristian O’Connor
Corresponding Author: Kristian O’Connor
University of Wisconsin - Milwaukee

Joint moments are coordinated to stabilize
vertical endpoint forces during human locomotion
Young-Hui Chang, Jasper Yen

Corresponding Author: Jasper Yen

Georgia Institute of Technology

Selecting among neuromechnical control
architectures using kinematic phase and
perturbation experiments

Robert Full, Daniel Koditschek, Shai Revzen
Corresponding Author: Shai Revzen
University of California, Berkeley

Mechanics of bipedal running turns
Devin Jindrich

Corresponding Author: Devin Jindrich
Arizona State University

P3-22

P3-23

P3-24

P3-25

P3-26

P3-27

P3-28

P3-29

P3-30
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Test-retest reliability of sitting posture in
typically developing infants.

Joan Deffeyes, Stacey DeJong, Regina Harbourne,
Anastasia Kyvelidou, Wayne Stuberg, Nicholas
Stergiou, Junfeng Sun

Corresponding Author: Anastasia Kyvelidou
University of Nebraska at Omaha

Neuromechnical modeling of functional muscle
synergies for postural control in the cat

J. Lucas McKay, Lena H. Ting, Gelsy Torres-Oviedo
Corresponding Author: Lena H. Ting

Georgia Institute of Technology and Emory
University

Muscle function is biased towards positive over
negative work in level human gait

Paul DeVita, Allison Gruber, Tibor Hortobagyi, Lars
Janshen, Brian Moscicki, Patrick Rider, Stanislaw
Solnik, Paul Zalewski

Corresponding Author: Paul DeVita

East Carolina University

Upper and lower limb disturbance rejection of
self-triggered and computer-cued load
perturbations

Kari Danek, Daniel Ferris, Brent Gillespie,

Jessy Grizzle

Corresponding Author: Kari Danek

University of Michigan

Biomechanical constraints on equilibrium point
control of multi-joint arm postures

James Gordon, Ning Lan, Dan Song
Corresponding Author: Ning Lan

University of Southern California

Lower limb force production and bilateral force
asymmetries are based on sense of effort

Daniel Ferris, Ann Simon

Corresponding Author: Ann Simon

University of Michigan

Revisiting the EMG-torque relationship of the
trunk musculature: effects of antagonistic
co-contraction

Stephen Brown, Stuart McGill

Corresponding Author: Stephen Brown
University of Waterloo

Muscular contributions to vertebral joint
rotational stiffness during the standard pushup
Tyson Beach, Jack Callaghan, Samuel Howarth
Corresponding Author: Samuel Howarth
University of Waterloo

Muscle activation patterns change the inherent
stiffness of the human trunk

Stephen Brown, Stuart McGill

Corresponding Author: Stephen Brown
University of Waterloo
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P3-31

P3-32

P3-33

P3-34

P3-35

Thursday, August 23, 2007

Joint Kinetic contributions to acute performance
enhancement & degradation

Loren Chiu, George Salem

Corresponding Author: Loren Chiu

University of Southern California

Gender differences in spinal posture and user
positioning on a prototype seat pan

Jack Callaghan, Diana De Carvalho, Nadine Dunk
Corresponding Author: Diana De Carvalho
University of Waterloo

Effects of gender on lower extremity muscle
activation in children performing a single-leg
unanticipated landing task

David Clark, Kristof Kipp, Kristin Kipp, Seth
Kuhlman, Ronald Pfeiffer, Michelle Sabick,
Kevin Shea

Corresponding Author: Ronald Pfeiffer

Boise State University

Effects of breathing on muscle strength of large
muscle groups

Adam Borg, Devn Brown, Elizabeth Ikeda,

Sheng Li, Jessica Malouf

Corresponding Author: Sheng Li

University of Montana

Obstacle avoidance with varying ability to
spatailly orient attention following

mild traumatic brain injury

Robert Catena, Li-Shan Chou, Charlene Halterman,
Paul van Donkelaar

Corresponding Author: Li-Shan Chou

University of Oregon

4:30 - 6:15 PM

Poster Session 4: Injury
Memorial Auditorium

P4-1

P4-2

P4-3

Lower extremity kinematic consequences
during vertical to horizontal momentum
redirection

Henryk Flashner, Laura Held, Jill McNitt-Gray
Corresponding Author: Laura Held

University of Southern California

Factors affecting lumbar kinetics during
dependent transfers on an aircraft.

Brian Higginson, Welsh Lisa, Michael Pavol
Corresponding Author: Michael Pavol
Oregon State University

Muscle forces at the knee during walking and
running in patients with patellofemoral pain
Gary Beaupre, Thor Besier, Garry Gold, Michael
Fredericson, Scott Delp

Corresponding Author: Thor Besier

Stanford University
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P4-4

P4-5

P4-6

P4-7

P4-8

P4-9

P4-10

P4-11

P4-12

The effect of hand position on subscapularis force
during the belly-press test

Marcus Pandy, Kevin Shelburne, Michael Torry,
Takashi Yanagawa

Corresponding Author: Takashi Yanagawa
Steadman Hawkins Research Foundation

Effect of orientation on failure criteria for lumbar
spine segments

David Burnett, Naira Campbell-Kyureghyan,

Sai Vikas Yalla

Corresponding Author: Naira Campbell-Kyureghyan
University of Louisville

Deformation at branch points in human cerebral
arteries

Louis Cheng, Geoffrey Manley, Kenneth Monson,
Joshua Smith

Corresponding Author: Joshua Smith

University of California, San Francisco

The influence of stride length on impact shock and
metabolic cost during walking in obese women
Joseph Hamill, Elizabeth Russell

Corresponding Author: Elizabeth Russell

University of Massachusetts

Spinal mechanics during drop landing: effects of
gender and landing technique

John W. Chow, Soo-An Park, Mark D. Tillman
Corresponding Author: Soo-An Park
SUNY-Upstate Medical University

A stochastic biomechanical model for the risk and
risk factors for non-contact ACL injury

Bing Yu, Chengfeng Lin, Chuanshu Ji, Paul S.
Weinhold, Michael T. Gross, Darin A. Padua, and
William E. Garrett

Corresponding Author: Bing Yu

The University of North Carolina at Chapel Hill

Meniscal injury in conjunction with acute and
chronic ACL tears increase peak cartilage
stresses

Thomas Andriacchi, Nathan Netravali
Corresponding Author: Nathan Netravali
Stanford University

Prospective study of Kinetic factors associated
with tibial stress fractures in runners

Irene Davis, Joseph Hamill, Michael Pohl
Corresponding Author: Michael Pohl

University of Delaware

Validation of tri-axial accelerometer for the
calculation of elevation angles

Tal Amasay, Andrew Karduna, Laurel Kincl,
Keely Zodrow

Corresponding Author: Tal Amasay
University of Oregon



P4-13

P4-14

P4-15

P4-16

P4-17

P4-18

P4-19

P4-20

P4-21

Acute torsional failure: do physiological loading
rates effect the spine’s limit?

Jack Callaghan, Janessa Drake

Corresponding Author: Janessa Drake

University of Waterloo

Sagittal ACL graft orientation influences passive
and dynamic anterior tibial translation

Katerina Blazek, Ajit Chaudhari, Jason Dragoo, Sean

Scanlan, Joshua Schmidt, and Tom Andriacchi
Corresponding Author: Sean Scanlan
Stanford University

Correlation of dynamic cartilage contact stress
aberration with severity of joint instability
Thomas Brown, Todd McKinley, Douglas Pedersen,
M. James Rudert, Yuki Tochigi

Corresponding Author: Yuki Tochigi

University of lowa

Frontal plane knee joint stiffness: gender and
hormonal effects

Martha Cammarata, Tobey DeMott, Yasin Dhaher,
Jennifer Moore

Corresponding Author: Yasin Dhaher
Northwestern University

Electromyographic and kinematic evaluation of
provocative tests for slap lesions

Seth M. Kuhlman, Michelle B. Sabick, Ronald P.
Pfeiffer, Kurt Nilsson, Kevin G. Shea, Mike Curtin,
and David Clark

Corresponding Author: Seth Kuhlman

Boise State University

Model for occupants ejected from vehicles with
roll and yaw

Chad Hovey, Matthew Kaplan, Robert Piziali
Corresponding Author: Chad Hovey

Piziali and Associates, Inc.

Evaluation of injury criteria for predicting
commotio cordis

Cynthia Bir, Nathan Dau, Mark Link, Christopher
Madias

Corresponding Author: Nathan Dau

Wayne State University

Prospective study of the biomechanical factors
associated with patellofemoral pain

Irene Davis, Brian Noehren

Corresponding Author: Brian Noehren
University of Delaware

Glucosamine and chondroitin sulfate affect the
response of exercised articular cartilage to blunt
impact loading

Nurit Golenberg, Roger Haut, Eugene Kepich,
Feng Wei

Corresponding Author: Roger Haut

Michigan State University

P4-22

P4-23

P4-24

P4-25
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Biofidelity requirements for an advanced
headform for the prediction of eye injuries
Fred Brozoski, Paul Depinet, Stefan Duma,

Eric Kennedy

Corresponding Author: Eric Kennedy

Virginia Tech - Wake Forest University Center for
Injury Biomechanics

The effect of cardiovascular fatigue on trunk
muscle activation and spine postures during
firefighting tasks

Jack Callaghan, Diane Gregory, Samuel Howarth,
Sonia Narula

Corresponding Author: Diane Gregory
University of Waterloo

Effect of linear wheelchair velocity on a new
manual wheelchair user joint injury index
Mohammadreza Mallakzadeh, Farrokh Sassani,
Bonita J Sawatzky

Corresponding Author: Mohammadreza
Mallakzadeh

The University of British Columbia

Whiplash causes increased laxity of cervical
capsular ligament

Erik J. Carlson, Marcus Coe, Shigeki Ito, Paul
Ivancic, Anthony B. Ndu, Manohar M. Panjabi,
Wolfgang Rubin, Yasuhiro Tominaga
Corresponding Author: Paul Ivancic

Yale University School of Medicine

4:30 - 6:15 PM

Poster Session 5: Rehabilitation
Memorial Auditorium

P5-1

PS-2

P5-3

Gait adaptations and recovery rates following
minimally invasive total hip replacement
Richard Berger, Kharma Foucher, Robert Trombley,
Markus Wimmer

Corresponding Author: Markus Wimmer

Rush University Medical Center

Functional gait outcomes after intertrochanteric
hip fracture

Ellen Boeke, Kristine Csavina, M. Wade Shrader,
Kimberly Yarnall

Corresponding Author: Kimberly Yarnall
SHRI-CORE Orthopedic Research Labs,

Sun City West, AZ

Post-TKA effects of prehabilitation on standing
knee kinetics

Peter M. Quesada, James E. Doane, Ann M. Swank,
Claudia A. Angeli, John Nyland, and Robert V. Topp
Corresponding Author: Peter Quesada

University of Louisville
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P5-4

P5-5

P5-6

P5-7

P5-8

P5-9

P5-10

PS-11

Surgical recession of the gastrocnemius for
isolated contracture: a case study

Michael Castro, Nicole Chimera, Kurt Manal
Corresponding Author: Kurt Manal

Center for Biomedical Engineering Research,
University of Delaware

Assessment of function of an orthotic brace
control mechanism

Steven Anderson, Jessica Hagan, William Hnat,
John Lilly, Kenneth A. Mook, Peter Quesada
Corresponding Author: Peter Quesada
University of Louisville

Effects of wheelchair propulsion training on
pushrim Kinetics

Michael Boninger, Rachel Cowan, Alicia Koontz,
Ian Rice

Corresponding Author: Alicia Koontz

Human Engineering Research Laboratories

Disease severity influences trunk sway and knee
loading during walking in patients with medial
compartment knee OA

Thomas P. Andriacchi, Jessica L. Asay, Annegret
Muendermann

Corresponding Author: Annegret Muendermann
Stanford University

Reflex and nonreflex characterization of spasticity
in children with cerebral palsy: dependence of
catch angle on velocity

Jia-Jin Chen, Deborah Gaebler, Hyung-Soon Park,
Yi-Ning Wu, Li-Qun Zhang

Corresponding Author: Li-Qun Zhang
Northwestern University

Can intervertebral kinematics predict clinical
outcome of lumbar discectomy?

Jerry Calabrese, Amir Fayyazi, Nathaniel Ordway,
Soo-An Park, Hansen Yuan

Corresponding Author: Soo-An Park
SUNY-Upstate Medical University

Lower limb synergy patterns of stroke subjects
while walking in a lokomat robotic orthosis
Joseph Hidler, Nathan Neckel, Diane Nichols
Corresponding Author: Nathan Neckel

Catholic University of America

Integer programming models for optimizing
shoulder rehabilitation

James Carpenter, Christopher Gatti, Richard Hughes,
Jason Scibek, Oleg Svintsitski

Corresponding Author: Richard Hughes

University of Michigan
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P5-12 Control system development for automatic
standing balance using functional neuromuscular
stimulation (FNS) following spinal cord injury
(SCI)

Musa Audu, Robert Kirsch, Raviraj Nataraj,
Ronald Triolo

Corresponding Author: Raviraj Nataraj
Case Western Reserve University

P5-13 Effect of the lateral wedged insoles on the joint
load of knee and ankle in patients with medial
knee osteoarthritis
Yuji Kuroyanagi, Hideo Matsumoto, Takeo Nagura,
Toshiro Otani, Yasumori Suda, and Y. Toyama
Corresponding Author: Yuji Kuroyanagi
Department of Orthopedic Surgery, Keio University

P5-14 3-d joint motion of ACL deficient and reconstructed
knees during daily activities
Bo Gao, Peter Indelicato, Michael Moser,
Nigel Zheng
Corresponding Author: Nigel Zheng
University of Florida

P5-15 Is gait after unilateral total knee arthroplasty
similar to healthy adults?
Clare Milner
Corresponding Author: Clare Milner
University of Tennessee

Friday, August 24, 2007 4:30 - 6:15 PM

Poster Session 6: Computational Biomechanics
Memorial Auditorium

P6-1 Analytical expression of musculotendon model
including viscoelastic properties of tendon
Miloslav Vilimek
Corresponding Author: Miloslav Vilimek
Czech Technical University in Prague

P6-2 Influence of loading on knee extensor mechanics
in total knee replacement: a computer simulation
study
Michael Hast, Ryan Landon, Stephen Piazza
Corresponding Author: Stephen Piazza
The Pennsylvania State University

P6-3 Musculo-skeletal modeling software (MSMS) for
biomechanics and virtual rehabilitation
Rahman Davoodi, Mehdi Khachani, Gerald E. Loeb
Corresponding Author: Mehdi Khachani
Alfred Mann Institute and Department of Biomedical
Engineering - University of Southern California

P6-4 Criteria for wrapping surface parameters for
spinal nuscles
Richard Lasher, Travis Meyer, Anita Vasavada
Corresponding Author: Anita Vasavada
Washington State University



P6-5

P6-6

P6-7

P6-8

P6-9

P6-10

P6-11

P6-12

P6-13

Robust contact spring placement using trimmed
nurbs surfaces for simulation of articular contact
Ryan Landon, Stephen Piazza

Corresponding Author: Stephen Piazza

The Pennsylvania State University

Validation of orthopaedic related image
segmentation techniques

Nicole DeVries, Esther Gassman, Nicole Grosland,
Nicole Kallemeyn, Vincent A. Magnotta, Kiran
Shivanna

Corresponding Author: Nicole Grosland
University of lowa

Three-dimensional hyperelastic model of the
human knee: a parametric sensitivity study
Yasin Dhaher, Qunli Sun

Corresponding Author: Yasin Dhaher
Northwestern University and Rehabilitation
Institute of Chicago

Virtue of boundary element method in
calculation of pressure distribution on boundary
based segmented medical images

Nasser Fatouraee, Ali Pashaee

Corresponding Author: Nasser Fatouraee
Amirkabir University of Technology

A musculoskeletal model of the rat hindlimb
V Reggie Edgerton, Devin Jindrich, William
Johnson, Roland Roy

Corresponding Author: William Johnson
UCLA

A genetic algorithm approach to singularity
avoidance in the analysis of weight lifting
performance

Ahmed Reza Arshi, Amir Homayoun Javadi,
Manssour Moeinzadeh, Elham Shirzad
Corresponding Author: Manssour Moeinzadeh
University of lllinois at Urbana-Champaign

Magnetic resonance image segmentation for
biomechanical modeling of the orbit

Joseph L. Demer, Joel M. Miller, Dinesh K. Pai,
Qi Wei

Corresponding Author: Qi Wei

Rutgers University

Shoulder mechanics: analytical modeling and
validation

Noshir Langrana, Sue Ann Sisto, Sarah Sullivan
Corresponding Author: Sarah Sullivan

Rutgers University

Forward dynamics simulations of human gait
using neuromusculoskeletal tracking

Hyung Joo Kim, Marcus Pandy, Ajay Seth
Corresponding Author: Ajay Seth

Stanford University
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P6-18
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Muscle activation, joint position and muscle mass
distribution: considerations for musculoskeletal
modeling

Timothy Clark, David Hawkins

Corresponding Author: David Hawkins

University of California - Davis

A rigid body model of a lacrosse shot
underestimates measured ball velocities
Joseph Crisco, Michael Rainbow, Eileen Wang
Corresponding Author: Joseph Crisco
Bioengineering Laboratory, Department of
Orthopaedics, Brown Medical School/Rhode
Island Hospital

Simulation study of walking patterns with knee
osteoarthritis using opensim

Jill Higginson, Ming Xiao

Corresponding Author: Ming Xiao

University of Delaware

A proposed new obstacle-set algorithm for
modeling the wrapping path of deltoid
Brian Garner, Bo Xu

Corresponding Author: Brian Garner

Baylor University

Using distributions of forward dynamic
simulations to investigate model inaccuracies
Matt Camilleri

Corresponding Author: Matt Camilleri
Sacramento City College

A novel elastic foundation contact detection
algorithm for use in a six degree of freedom
knee model

Roger Gonzalez, Nathan Green
Corresponding Author: Roger Gonzalez
LeTourneau University

A neuro-musculoskeletal motor control model
with somatosensory and vestibular feedback
Kamran Igbal, Anindo Roy

Corresponding Author: Kamran Igbal
University of Arkansas at Little Rock

Patient specific finite element modeling of
lumbar vertebrae

Dennis Abernathie, Dirk Alander, Ferris Pfeiffer,
Douglas Smith, Carol Ward

Corresponding Author: Ferris Pfeiffer

University of Missouri

Expressing joint axis orientation
Kevin A Ball, Thomas M Greiner
Corresponding Author: Kevin A Ball
University of Hartford
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P6-24

P6-25

P6-26

P6-27

P6-28

P6-29

P6-30

P6-31

A model of maximum voluntary joint torque
variation with joint angle and angular velocity
Dennis Anderson, Michael Madigan, Maury
Nussbaum

Corresponding Author: Dennis Anderson
Virginia Tech

Exclusion of the subtalar joint affects significantly
the calculated ankle muscle forces during gait.
Ilse Jonkers, Gerlinde Lenaerts, Friso Hagman,
Louis Peeraer, Jos Vander Sloten, and Georges Van
der Perre

Corresponding Author: Ilse Jonkers

Katholieke Universiteit Leuven

Reliability of lower extremity anthropometric
measures and their effect on wobbling mass
tissue predictions

David Andrews, Timothy Burkhart, Katherine Teigrob

Corresponding Author: Timothy Burkhart
University Of Windsor

Bayesian techniques improve human motion
estimation

Friedl De Groote, Tinne De Laet, Joris De Schutter,
Ilse Jonkers

Corresponding Author: Friedl De Groote
Katholieke Universiteit Leuven

Response-surface mapping to generate
distributions of forward dynamic simulations
Matt Camilleri

Corresponding Author: Matt Camilleri
Sacramento City College

Muscle contributions to body segment mechanical
power during able-bodied toe walking

Judith Burnfield, Sara Mulroy, Richard Neptune,
Kotaro Sasaki

Corresponding Author: Richard Neptune

Department of Mechanical Engineering, The Univer-

sity of Texas at Austin, Austin, TX

Automated hexahedral meshing of anatomical
structures using deformable registration
Ritesh Bafna, Nicole Grosland, Vincent Magnotta
Corresponding Author: Nicole Grosland

The University of lowa

A new trunk volume representation for geometric
body segment models

Genevieve Dumas, Jason Wicke

Corresponding Author: Jason Wicke

Texas A&M University - Commerce

A check of mesh quality

Nicole Grosland, Curtis Lisle, Vincent Magnotta,
Steve Pieper, Kiran Shivanna

Corresponding Author: Nicole Grosland

The University of lowa
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Patient-specific orthopaedic surgical planning:
image datasets to fe models

Nicole M Grosland, Vincent A Magnotta, Kiran H
Shivanna, Srinivas C Tadepalli

Corresponding Author: Srinivas C Tadepalli

The University of lowa

Determining vertical ground reaction forces
without a force platform using a
mass-spring-damper model

Graham Caldwell, Timothy Derrick, Ross Miller
Corresponding Author: Ross Miller

University of Massachusetts Amherst

4:30 - 6:15 PM

Poster Session 7: Muscle
Memorial Auditorium

P7-1

P7-2

P7-3

P7-4

P7-5

A comparison of force-velocity properties of
single muscle fibers obtained under dynamic and
steady-state conditions

Sampath Gollapudi, David Lin

Corresponding Author: David Lin

Washington State University

Muscle architecture of extensor carpi radialis
longus and brevis: a comprehensive volumetric
modeling approach

Anne Agur, Eugene Fiume, Victor Ng-Thow-Hing,
Kajeandra Ravichandiran, Karan Singh
Corresponding Author: Anne Agur

University of Toronto

Emg-based estimates of pennation angle for the
primary ankle dorsi and plantarflexors during
isometric contractions

Thomas Buchanan, Kurt Manal, Dustyn Roberts
Corresponding Author: Kurt Manal

Center for Biomedical Engineering Research,
University of Delaware

In vivo examinations of medial gastrocnemius:
change of force-generating capacity in stroke
survivors

Fan Gao, Li-Qun Zhang

Corresponding Author: Li-Qun Zhang
Rehabilitation Institute of Chicago & Northwestern
University

Trade-offs in performance associated with muscle
fiber type composition

Brian Umberger

Corresponding Author: Brian Umberger

University of Massachusetts Amherst



P7-6

P7-7

P7-8

P7-9

P7-10

P7-11

P7-12

P7-13

Architecture of the first dorsal interosseous
muscle

John Challis, Daniel Gales, Benjamin Infantolino
Corresponding Author: Benjamin Infantolino
Pennsylvania State University

Determination of the psoas major muscle thick-
ness by B-mode ultrasonography

Tetsuo Fukunaga, Yoichi Katsumata, Yasuo
Kawakami, Yohei Takai

Corresponding Author: Yoichi Katsumata

Waseda University

An unconstrained workloop approach to study
stability in frog muscle in vitro

Stephen DeWeerth, Kartik Sundar, Lena Ting
Corresponding Author: Kartik Sundar

Georgia Institute of Technology

Temperature-dependent mechanical properties of
human type-i muscle fibers

Sampath Gollapudi, David Lin

Corresponding Author: Sampath Gollapudi
Washington State University

Estimation of myotendinous junction displace-
ment using a cross correlation algorithm for
ultra-sound images

Daniel Alves, Liliam Oliveira, Carolina Peixinho,
Taian Vieira

Corresponding Author: Liliam Oliveira

Federal University of Rio de Janeiro

Influence of isometric muscle fatigue on the
human force-length relationship

Eric Berton, Stuart Binder-Macleod, Thomas
Buchanan, Ramu Perumal, Guillaume Rao
Corresponding Author: Guillaume Rao
Department of Mechanical Engineering, University
of Delaware

Human lower extremity design: architecture of
hip, knee, and ankle muscles

Jacqueline Braun, Carolyn Eng, Trevor Kingsbury,
Richard Lieber, Kristin Lieber, Laura Smallwood,
Samuel Ward, Taylor Winters

Corresponding Author: Samuel Ward

University of California San Diego

Scaling of joint mechanics and muscle architecture
in the human knee

Samuel R. Ward, Trevor Kingsbury, Taylor Winters,
Kristin M. Lieber, Jacqueline Braun, Carolyn M.
Eng, and Richard L. Lieber

Corresponding Author: Samuel Ward

University of California San Diego
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P7-18
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The relationship between muscle force and
intramuscular pressure during dynamic muscle
contractions

Jennifer Davis, Kenton Kaufman, Richard Lieber,
Samuel Ward

Corresponding Author: Samuel Ward

University of California San Diego

Cyclic compressive loading facilitates functional
and histological recovery following strain induced
damage in skeletal muscle

Sudha Agarwal, Thomas Best, Timothy Butterfield,
Yi Zhao

Corresponding Author: Timothy Butterfield

The Ohio State University

Continuum-based model of skeletal muscle
Tammy Haut Donahue, Kenton Kaufman, Duane
Morrow, Gregory Odegard

Corresponding Author: Gregory Odegard
Michigan Technological University

Human lower extremity design: architecture of
human hamstring and quadriceps muscles
Jacqueline Braun, Carolyn Eng, Trevor Kingsbury,
Kristin Lieber, Taylor Winters

Corresponding Author: Kristin Lieber

University of California

The effect of muscle fatigue on correlations in
timing errors

Jonathan Dingwell, Deanna Gates
Corresponding Author: Deanna Gates
University of Texas at Austin

Evaluation of three methods for determining
EMG-muscle force parameter estimates for the
shoulder muscles

Christopher J. Gatti, Lisa Case Doro, Joseph E.
Langenderfer, Amy G. Mell,

Joseph D. Maratt, James E. Carpenter, Richard E.
Hughes

Corresponding Author: Richard Hughes
University of Michigan

Effect of glutathione depletion and age on skeletal
muscle performance during a chronic stretch-
shortening contraction exposure

Brent Baker, Robert Cutlip, Melinda Hollander,
Michael Kashon

Corresponding Author: Robert Cutlip

National Institute for Occupational Safety and Health

Reliability of hand-free ultrasound measurement
for vastus medialis obliquus

Gabriel Ng, Yiu Ming Wong

Corresponding Author: Yiu Ming Wong

Hong Kong Polytechnic University
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Residual force depression is not abolished
following a quick shortening step

Walter Herzog, Timothy Leonard
Corresponding Author: Walter Herzog
University of Calgary

4:30 - 6:15 PM

Poster Session 8: Sports
Memorial Auditorium

P8-1

P8-2

P8-3

P8-4

P8-5

P8-6

P8-7

Stroke resumption following flip turns in
swimming

Richard Hinrichs, Bethany Larsen
Corresponding Author: Richard Hinrichs
Arizona State University

Cruciate ligament force between the forward
lunge long and short with and without a stride
Rafael F. Escamilla, Naiquan Zheng, Alan Hreljac,
Rodney Imamura, Toran D. MacLeod, William B.
Edwards, Glenn S. Fleisig, Kevin E. Wilk
Corresponding Author: Rafael Escamilla
California State University, Sacramento

Changes in leg stiffness and sprint characteristics
during the acceleration phase of running in top
sprinters

Kai Kobayashi, Shigeo Iso, Kazuyuki Kanosue,
Hiroyasu Tsuchie, Tetsuo Fukunaga, Yasuo
Kawakami

Corresponding Author: Kai Kobayashi

Waseda University

Contributions of passive-tension vs. inertial
effects on gravity correction for strength
training

Colleen Delmonaco, Laura Frey Law, Andrea Laake
Corresponding Author: Laura Frey Law

University of lowa

Ground reaction forces between running shoes,
racing flats and distance spikes in runners

lain Hunter, Suzanna Logan

Corresponding Author: Iain Hunter

Brigham Young University

The effect of stroke length on active drag in
swimming

Richard Hinrichs, Bryan Morrison
Corresponding Author: Bryan Morrison
Valparaiso University & Arizona State University

Influence of cycling intensity on running kinematics
and electromiography in well trained triathletes
Javier Mon, Ramén Maaiion, Oscar Viana, Jose A.
Sanchez, Rafael Martin, Miguel Fernandez del Olmo
Corresponding Author: Miguel Ferndndez del Olmo
Faculty of Sciences of Sport and Physical Education
(INEF Galicia)
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Multi-segment foot kinematics in high- and
low-arched females recreational athletes during
walking and running

Benjamin Long, Clare Milner, Douglas Powell,
Songning Zhang

Corresponding Author: Douglas Powell

The University of Texas of the Permian Basin

Lumbar motion during pitching in professional
baseball players

Ajit Chaudhari, Christopher McKenzie
Corresponding Author: Ajit Chaudhari

The Ohio State University

Dynamic and static changes in foot shape
Sharna Clark-Donovan, Gordon Valiant
Corresponding Author: Sharna Clark-Donovan
Nike Sport Research Lab

Comparison of split double twists and split triple
twists in pairs figure skating

Deborah L. King, Sarah L. Smith, Michele R.
Brown, Jean L. McCrory, Barry A. Muncasy, Gary
L. Scheirman

Corresponding Author: Deborah King

Ithaca College

Stepping aerobics: how do the stepping direction
and height affect joint kinetics?

Man-Ying Wang, Hsin-Chang Wu

Corresponding Author: Man-Ying Wang

University of Southern California

Push up bars and hand position affect upper
extremity muscle activity during the push up
exercise

Aaron Decker, Siufong Lam, Steven McCaw,
Amanda Somers, Mitch Waller

Corresponding Author: Steven McCaw

Hllinois State University

A mechanical cause of body rotation about the
vertical axis in baseball batting

Toshimasa Yanai

Corresponding Author: Toshimasa Yanai
Chukyo University

4:30 - 6:15 PM

Poster Session 9: Locomotion
Memorial Auditorium

P9-1

Effects of physical assistance on narrow beam
walking

Antoinette Domingo, Daniel Ferris
Corresponding Author: Antoinette Domingo
University of Michigan



P9-2

P9-3

P9-4

P9-5

P9-6

P9-7

P9-8

P9-9

P9-10

Walking with increased push-off decreases hip
flexion moment

Daniel Ferris, Cara Lewis

Corresponding Author: Cara Lewis

University of Michigan

Comparison of the plantarflexion moment arms of
lateral gastrocnemius between sprinters and
non-sprinters

Sabrina Lee, Stephen Piazza

Corresponding Author: Stephen Piazza

The Pennsylvania State University

Kinematic correlates of the free moment and
combined loads during running

Timothy Derrick, PhD, William Edwards, Stacey
Meardon

Corresponding Author: Stacey Meardon

lowa State University

Mechanics and energetics of incline walking with
powered ankle exoskeletons

Daniel Ferris, Gregory Sawicki

Corresponding Author: Gregory Sawicki

University of Michigan-Ann Arbor

In vivo measurement of the inversion-eversion
moment arms of gastrocnemius and tibialis
anterior

Sabrina Lee, Stephen Piazza

Corresponding Author: Stephen Piazza

The Pennsylvania State University

Functional gait outcomes in stair climbing after
intertrochanteric hip fracture

Ellen Boeke, Kristine Csavina, M. Wade Shrader,
Kimberly Yarnall

Corresponding Author: Kimberly Yarnall
SHRI-CORE Orthopedic Research Labs,

Sun City West, AZ

Estimating lean angle through application of the
gravity line projection algorithm

Elizabeth Hsiao-Wecksler, Pilwon Hur, Seiji Naito
Corresponding Author: Elizabeth Hsiao-Wecksler
University of lllinois at Urbana Champaign

An innovative diagnostic tool for reducing
traumatic knee injuries

Brian Armstrong, Michael Bottum, Mustafa Farrah,
Kristian O’Connor, Stephen Watts

Corresponding Author: Kristian O’Connor
University of Wisconsin - Milwaukee

A functional method for locating the subtalar
joint axis: in vivo assessment of accuracy
Gregory S. Lewis, Andrea R. Seisler, Tamara L.
Cohen, Kevin A. Kirby, Frances T. Sheehan,
Stephen J. Piazza

Corresponding Author: Gregory Lewis

The Pennsylvania State University
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P9-13

P9-14

P9-15

P9-16

P9-17

P9-18

P9-19
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Measurement of ground reaction force in single
limb support through markerless motion
capture

Thomas Andriacchi, Stefano Corazza
Corresponding Author: Stefano Corazza

Stanford University

Finite helical axes of ACL-deficient and
ACL-reconstructed knees during walking
Bo Gao, Nigel Zheng

Corresponding Author: Nigel Zheng
University of Florida

A hybrid methodology using ultrasonography and
motion analysis for estimation of achilles tendon
moment arms in vivo

Thomas Buchanan, Nicole Chimera, Justin Cowder,
Kurt Manal

Corresponding Author: Kurt Manal

Center for Biomedical Engineering Research,
University of Delaware

Effects of an elastic knee orthosis on unilateral
hopping

Michael S. Cherry, Daniel P. Ferris, Sridhar Kota
Corresponding Author: Michael S. Cherry

The University of Michigan

Independent effects of weight and mass on muscle
activity during walking

Rodger Kram, Craig McGowan, Richard Neptune
Corresponding Author: Craig McGowan

University of Colorado at Boulder

Traditional vs. continuous data collection for gait
evaluation

James Doane, Peter Quesada, Ann Swank,

Robert Topp

Corresponding Author: Peter Quesada

University of Louisville

Does weight influence locomotive stability?
Christopher J. Arellano, Max J. Kurz, Charles S.
Layne, Daniel P. O’Connor, Melissa Scott-Pandorf
Corresponding Author: Christopher J. Arellano
University of Houston

Exploring the impulse response of the postural
control system

Brett Duiser, Elizabeth Hsiao-Wecksler,

Pilwon Hur

Corresponding Author: Elizabeth Hsiao-Wecksler
University of lllinois at Urbana-Champaign

Power required to maintain balance on a moving
platform

Jerome Allen, Thomas Edwards, Venkata Gade,
Nitin Moholkar, David Tung

Corresponding Author: Venkata Gade

Kessler Medical Rehabilitation Research and
Education Center
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P9-20

P9-21

P9-22

P9-23

P9-24

P9-25

P9-26

P9-27

P9-28

Evaluation of the assessment of symmetry
during gait

John Challis, Daniel Gales

Corresponding Author: Daniel Gales
Pennsylvania State University

Estimation of knee joint compression forces in
subjects with medial compartment knee
osteoarthritis

Jill Higginson, Joseph Zeni, Jr

Corresponding Author: Joseph Zeni, Jr
University of Delaware

Static postural stability of individuals with
mental retardation before and after weight and
balance training

Courtney Haynes, Thurmon Lockhart
Corresponding Author: Courtney Haynes
Virginia Tech

Height estimation of an obstacle is scaleable to toe
elevation at obstacle crossing

Chris Rhea, Shirley Rietdyk

Corresponding Author: Chris Rhea

Purdue University

Sensitivity of functional hip joint center location
to body mass index, movement pattern and
marker cluster

Annegret Miindermann, Stefano Corazza,
Priyanshu Gupta, Valentina Camomilla, Chris O.
Dyrby, Thomas P. Andriacchi

Corresponding Author: Annegret Muendermann
Stanford University

Variability of joint coupling within the lower
extremity in runners with patellofemoral pain
during a prolonged run

Irene Davis, Tracy Dierks, Joseph Hamill, John
Scholz

Corresponding Author: Tracy Dierks

Indiana University

Feedforward postural control in standing: role of
lateral muscles and body orientation

Alexander Aruin, Marcio Santos

Corresponding Author: Marcio Santos

University of lllinois at Chicago

Comparison of kinematic methods for
determining footstrike and toe-off during
overground running

Irene Davis, Rebecca Fellin

Corresponding Author: Rebecca Fellin
University of Delaware

Energetics and biomechanics of walker assisted
gait

Rodger Kram, Jonathon Priebe

Corresponding Author: Jonathon Priebe
University of Colorado
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P9-30

P9-31

P9-32

P9-33

P9-34

P9-35

P9-36

P9-37

A gait modification to reduce the external
adduction moment at the knee: a case study
Joaquin Barrios, Irene Davis

Corresponding Author: Joaquin Barrios
University of Delaware

Sensitivity of lyapunov exponent estimation for
human gait

Joseph Hamill, Trampas TenBroek, Richard Van
Emmerik

Corresponding Author: Trampas TenBroek
University of Massachusetts

Older adults exhibit reduced lateral
acceleration of the center of mass at fast
walking speeds

Bryan Heiderscheit, Antonio Hernandez, Amy
Silder, Darryl Thelen

Corresponding Author: Antonio Hernandez
University of Wisconsin - Madison

Postural control of self-initiated weight shifts in
children and adults

James Abbas, Andrea Downing, K Narayanan
Corresponding Author: Andrea Downing

Center for Adaptive Neural Systems, Arizona State
University

The effects of stepping off vs. hopping off a box
on calculated drop heights in two-legged landings
Mostafa Afifi, Richard Hinrichs

Corresponding Author: Mostafa Afifi

Arizona State University

Reducing errors in inverse dynamics-based joint
torques through optimized body segment
parameters and segment motion profiles
Elizabeth T. Hsiao-Wecksler, Raziel Riemer
Corresponding Author: Raziel Riemer

Ben-Gurion University

Effects of attention on dynamic stability of walking
Jonathan Dingwell, Mark Grabiner, Roland Robb,
Karen Troy

Corresponding Author: Jonathan Dingwell
University of Texas

A mechanism to reduce the knee adduction
moment during walking

Thomas Andriacchi, Jennifer Erhart, Anne
Miindermann, Lars Miindermann
Corresponding Author: Jennifer Erhart
Stanford University

An elusive talus: re-thinking the ankle
complex

Kevin A Ball, Thomas M Greiner
Corresponding Author: Kevin A Ball
University of Hartford
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Approximate entropy is robust to non-stationarity
in analysis of infant sitting postural sway

Joan Deffeyes, Stacey DeJong, Regina Harbourne,
Anastasia Kyvelidou, Nicholas Stergiou,

Wayne Stuberg

Corresponding Author: Joan Deffeyes

Biomechanics Laboratory, University of Nebraska at
Omaha

Accuracies of skin marker based knee motion
analysis using different techniques

Bryan Conrad, Bo Gao, Nigel Zheng
Corresponding Author: Nigel Zheng

University of Florida

Lower limb local or global asymmetry in gait of
people without impairments

Heydar Sadeghi

Corresponding Author: Heydar Sadeghi

Tarbiat Moallem University

Contact stress elevation with lateral talar shift
Daniel Fuchs, Tina Maxian, Robert Spilker, Richard
Uhl, Jeremy Winston

Corresponding Author: Tina Maxian

FEastern Maine Medical Center

Importance of preswing rectus femoris activity
Allison Arnold, Scott Delp, Melanie Fox, Sylvia
Ounpuu, Jeffrey Reinbolt

Corresponding Author: Melanie Fox

Stanford University

The effect of manipulating subject mass on lower
extremity torque patterns during locomotion
Ronita Cromwell, John De Witt, R Donald Hagan
Corresponding Author: John De Witt

Bergaila Engineering Services

Gait adaptations and high implant twisting
moments during stair climbing in subjects with
total hip replacements

Kharma Foucher, Debra Hurwitz, Markus Wimmer
Corresponding Author: Kharma Foucher

Rush University Medical Center

Origins of the long-range correlations in stride times
Jonathan Dingwell, Deanna Gates, Jimmy Su
Corresponding Author: Deanna Gates

University of Texas at Austin

The short-term effect of whole body vibration
training on collegiate sprint athletes

Mike Bishop, lain Hunter, Brad Roberts, Robert
Thiebaud

Corresponding Author: lain Hunter

Brigham Young University
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How precise is the hip joint centre position found
using functional methods?

Richard Good, Julie Stebbins, Tim N. Theologis,
Amy B. Zavatsky

Corresponding Author: Amy B. Zavatsky
University of Oxford

Comparison of two alternate methods for
tracking toe trajectory

Jacob Bloomberg, Rachel Brady, Al Feiveson, Chris
Miller, Ajitkumar Mulavara, Brian Peters, Liz Warren
Corresponding Author: Chris Miller

Wyle Laboratories; Houston, TX

4:30 - 6:15 PM

Poster Session 10: Manipulation
Memorial Auditorium

P10-1

P10-2

P10-3

P10-4

P10-5

P10-6

The effect of handle friction and torque on axial
push force

Thomas Armstrong, Yoko Konishi, Na Jin Seo
Corresponding Author: Na Jin Seo

University of Michigan

Principal component analysis reveals control
strategies in static grasp at multiple time scales
Daniel Brown, Francisco Valero-Cuevas
Corresponding Author: Francisco Valero-Cuevas
Cornell University

Asymmetry of wheelchair pushrim biomechanics
over varying surfaces

Kai-Nan An, Kenton Kaufman, Melissa Morrow
Corresponding Author: Kenton Kaufman

Mayo Clinic

Reference hand configurations during grip force
adjustments

Sun W Kim, Mark L. Latash, Vladimir M. Zatsiorsky
Corresponding Author: Mark L. Latash

Penn State University

Coactivation of hand muscles and movement
fluctuations in old adults

Roger Enoka, Adam Marmon, Minoru Shinohara
Corresponding Author: Minoru Shinohara
Georgia Institute of Technology

Analysis of strains in extensor mechanism of
index finger

Hua Chen, Derek Kamper, Sang Wook Lee,
Joseph Towles

Corresponding Author: Sang Wook Lee
Rehabilitation Institute of Chicago
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P10-8

P10-9

P10-10

Quantitative analysis of finger movements
during reaching and grasping tasks
Thomas Armstrong, Jaewon Choi
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WHIPLASH CAUSES INCREASED LAXITY OF CERVICAL CAPSULAR LIGAMENT

Paul C. lvancic, Shigeki Ito, Yasuhiro Tominaga, Wolfgang Rubin,
Marcus P. Coe, Anthony B. Ndu, Erik J. Carlson, Manohar M. Panjabi

Biomechanics Research Laboratory, Yale University School of Medicine, New Haven, CT, USA
E-mail: paul.ivancic@yale.edu

INTRODUCTION

Whiplash neck injuries, caused by relative
acceleration between the head and thorax
during motor vehicle collisions, produce
acute and chronic neck pain, headache,
dizziness, and parasthesias in the upper
extremities. Clinical studies have targeted
the cervical facet joints and capsular
ligaments (CLs), as sources of chronic pain
in whiplash patients (Barnsley et al., 1995;
Lord et al., 1996). The purpose of this study
was to determine whether whiplash caused
increased CL laxity by applying quasi-static
loading to whiplash-exposed and control
bone-CL-bone preparations.

METHODS

Facet-CL-facet specimens were prepared
from 12 osteoligamentous whole cervical
spines (6 whiplash-exposed and 6 control)
(Tominaga et al., 2006). The whiplash-
exposed spines had been previously rear
impacted using the incremental trauma
protocol at a maximum peak T1 horizontal
acceleration of 8 g (Ivancic et al., 2005). All
spines had no history of any disease that
could have affected the osteoligamentous
structures. The spines were divided into two
equal groups with each group consisting of
three whiplash-exposed and three control
spines. Facet-CL-facet specimens were
prepared using C2/3, C4/5, and C6/7 spinal
levels in the first group and C3/4, C5/6, and
C7/T1 spinal levels in the second group.
Left and right facet-CL-facet specimens
from each spinal level were prepared

separately and then mounted for mechanical
testing (Figure 1). In total, 66 facet-CL-
facet specimens were prepared.

CL

Anchoring
screws

Figure 1. Facet-CL-facet preparation.

Each specimen was mounted in a custom
designed, displacement-controlled
mechanical testing apparatus (Panjabi et al.,
1996). To standardize the neutral CL
position, the facets were preloaded to 1 N of
compression immediately prior to testing
and this was defined as zero CL elongation.
The facet-CL-facet specimen was elongated
at 1 mm/s in increments of 0.05 mm until a
tensile force of 5 N was achieved and
subsequently was returned to neutral
position. Force and elongation data were
recorded at each motion step following a 0.5
second rest period. Four pre-conditioning
cycles were performed and data from the
load phase of the fifth cycle were used for
subsequent analyses.

CL elongation was computed at tensile
forces of 0, 0.25, 0.5, 0.75, 1, 2.5, and 5 N.
Data from left and right CLs and all spinal
levels were combined within each group.
Students unpaired t-tests (P<0.05) were
performed to determine significant
differences in CL elongation between the
whiplash-exposed and control groups.



RESULTS

The force-elongation curve is shown for
each whiplash-exposed CL (Figure 2A),
control CL (Figure 2B), along with the
average curves (Figure 2C).
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Figure 2. CL force-elongation curves: A)
whiplash-exposed, B) control, C) averages.

The average elongation of the whiplash-
exposed CLs was significantly greater than
that of the control CLs at each tensile force.
The difference between the average
elongation of the whiplash-exposed and
control CLs progressively increased from
0.4 mm (P=0.021) at 0 N to 0.9 mm
(P=0.007) at 5 N.

DISCUSSION AND CONCLUSIONS

Whiplash injuries and the causes of the
resulting chronic symptoms are not fully
understood. The present study documented
statistical increases in CL laxity due to
whiplash. The average force-elongation
curves were nonlinear, with greater
flexibility at low forces and increasing
stiffness at higher forces. Greater flexibility
was generally observed in the whiplash-
exposed CLs, as compared to the control
CLs, particularly at low forces. Increased
CL laxity due to whiplash may lead to
chronic pain and clinical instability.
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OBSTACLE AVOIDANCE WITH VARYING ABILITY TO SPATAIALLY ORIENT
ATTENTION FOLLOWING MILD TRAUMATIC BRAIN INJURY

Robert D. Catena, Charlene I. Halterman, Paul van Donkelaar, and Li-Shan Chou
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INTRODUCTION

Safety during motor tasks is imperative to
decreasing the likelihood of permanent brain
damage following mild traumatic brain
injury (mTBI). Crossing over an obstacle is
a real-world task that has revealed
conservative adaptations by mild (Catena et
al 2007) and severe TBI populations
(McFadyen et al 2003). Reduced
performance during this task could result in
trips, and subsequent brain injuries. The
spatial orientation component of attention
allows for the disengagement, shift and
reengagement of attention to quickly and
accurately process information and
formulate a response. Deficits in the spatial
orientation of attention have been shown
following mTBI (Halterman et al. 2006).
Recently, obstacle avoidance during
reaching has been proposed as a parietal
lobe process (Schindler et al. 2004), similar
to where spatial orientation of attention is
said to occur. The purpose of this study was
to examine how the spatial orientation of
attention is correlated to obstacle crossing
performance, specifically following mTBI
and during recovery from such an injury.

METHODS

Seventeen grade Il mTBI subjects were
tested within 48 hours post-injury. Testing
was repeated at 6, 14 and 28 days post-
injury. Seventeen gender, age, stature and
athletic participation matched controls were
tested at four equivalent intervals. Markers
located between the 2™ and 3" metatarsals

of each foot just proximal to the
metatarsophalangeal joints were tracked
with an 8-camera motion analysis system.
Obstacle clearance heights (toe marker to
obstacle) were measured for each foot
during walking. Two walking tasks were
conducted: single task obstacle-crossing at
10% of body height (OB), and with a
concurrent attention dividing cognitive task
(DOB). After each testing session, the
spatial orienting of attention was measured
with an Attentional Network Test (ANT).
Linear regressions were performed between
the spatial orientation of attention effect size
and each obstacle crossing parameter during
each day and within each group. Two-way
ANOVAs were performed between group
and day for each task.

RESULTS AND DISCUSSION

Individuals following mTBI demonstrated
deficits in spatial orientation only at the first
testing session. No significant group
differences were detected for obstacle
clearances.

Without a secondary cognitive task, only
lead clearance over an obstacle seems to
have a significant relationship with an
ability to spatially orient attention following
an mTBI. Specifically, obstacle clearance
height (OC) was directly related to an ability
to effectively spatially orient attention
following an mTBI, but not in healthy
individuals (Table 1). The relation between
spatial orientation of attention and obstacle



crossing clearance exhibited signs of
decreasing as healing progressed.

While performing a secondary cognitive
task, both lead foot and trailing foot
clearance over an obstacle seems to have a
significant relationship with an ability to

spatially orient attention following an mTBI.

We found that obstacle clearance heights of
both feet are directly related to an ability to
effectively spatially orient attention
following an mTBI, but not in healthy
individuals (Table 1). The relation between
spatial orientation of attention and obstacle
clearance also tended to decrease as healing
progressed.

The results from this study indicate that as
one is able to spatially orient attention
better, the lead foot is lifted higher to avoid
obstacle contact. This could prove important
for mTBI subjects that have been shown to
suffer from deficits in the spatial orientation
of attention immediately following an
injury. When attention is divided, there is a
significant relationship between obstacle
clearance of each foot and increased spatial
orientation. As one is able to spatially orient
attention better, both feet are lifted higher
over the obstacle. This would seem to
indicate that mTBIs use a more conservative
strategy for crossing with both feet when
attention is divided but spatial orientation of
attention is still intact. One caveat to these

results is that the spatial effect was usually
only able to predict around 27% of the
variance in each of the mentioned variables.
This leaves other factors to play an
important role in obstacle clearance
parameters, including natural human
variation.

SUMMARY/CONCLUSIONS

Measuring a concussed individual’s ability
to avoid obstacles is of particular relevance,
but may not always be feasible in clinical
examinations. This study may support the
use of either one of these tests to predict
performance in the other following mild
traumatic brain injury.
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Table 1: R? values reported indicate the linear relationship between spatial orientation of
attention and the given obstacle variable for the given task, group and day. P-values are shown in

parentheses.
Foot Time (days

Task Clearance  CrOUP <2 5.7 ( yia-ls 27-29
OB Lead mTBI .294 (.037) .282 (.028) 176 (.093) .182 (.100)
Cont. 041 (455)  .055(.382)  .073(.293)  .017(.618)
Lead mTBlI AT7(.004)  .099 (.218)  .094 (.232)  .185(.096)
DOB Cont. .045 (.411) .005 (.801) 131 (.153) .029 (.514)
Trailing mTBI .265 (.050) 174 (.095) .048 (.396) .050 (.486)
Cont. 080 (.273)  .055(.382)  .044 (.418)  .054 (.370)




3D FINITE ELEMENT SIMULATION OF BONE REMODELLING
UNDER THE TIBIAL COMPONENT OF AN OXFORD KNEE REPLACEMENT

Hans A Gray* Amy B Zavatsky', and Harinderjit S Gill?
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INTRODUCTION

Two distinct types of radiolucency can be
observed at the bone-implant or bone-
cement interface. The first type is usually
thicker than 2mm, has no definite boundary,
and is usually an indication that the implant
is loose [1]. The second type has a distinct
boundary and is usually less than 2mm
thick. This type is commonly seen under the
Oxford Unicompartmental Knee Replace-
ment (OUKR) (Biomet, Swindon, UK) tibial
component and is not an indication that the
implant is loose [2]. Confusion about the
two types of radiolucency has led to
unnecessary revisions of OUKRs [3].

Histological studies of retrieved implants
have shown that soft tissues such as
fibrocartilage and fibrous tissue are formed
at the bone-implant interface. There is
evidence that radiolucency is a result of this
tissue, but the reasons for this tissue
formation are not entirely understood.
Similar tissue formation takes place in the
callus during fracture healing.

The aim of the current study was to
investigate whether tissue remodeling rules
proposed for fracture healing can explain
formation of radiolucencies under OUKRS.

METHODS
A 3D finite element (FE) model of the

medial half of the proximal 75mm of a tibia
implanted with a cemented OUKR was

created and run over 365 iterations linked
with a simple remodelling rule. The model
consisted of 110,555 ten-node tetrahedral
elements and was based on a previously
experimentally validated FE model of a
complete human cadaveric tibia with an
OUKR tibial component [4]. The model was
initially run under a load of 1157N
perpendicular to the implant, the peak load
seen by the medial plateau of the tibia of an
82kg (mass of cadaveric tibia donor) person
during normal gait [5]. The model was also
run under 578N (half load) and 2314N
(double load).

After each iteration, new material properties
were calculated for elements in a 2mm thick
remodelling area which was adjoining the
bone cement. An element’s new material
property was a function of the stress-strain
condition [6] at its centre of gravity, its
current material property, and a rate of
change. The rate of change was set so that
an iteration represented roughly a day of in
vivo remodelling. It was assumed that these
elements represented granulation tissue
before the first iteration with Young’s
modulus and Poisson’s ratio assumed to be
0.2MPa and 0.47 respectively.

The material properties of the elements
which represented bone were changed based
on a set of established remodelling rules [7].
The initial properties of these elements were
calculated from radiographic density (RD)
values from CT scans [8].
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The variation of material properties of each
element was plotted against the iteration
number in order to visualise the evolution of
material properties with time (iterations).

Next “synthetic AP radiographs” were
generated by reverse calculating RDs from
material properties for the model after 365
iterations. Comparisons were made between
these plots and patient AP radiographs.

RESULTS AND DISCUSSION

The material properties of the remodelling
zone stabilised after about 365 iterations,
which is consistent with stabilisation of
radiolucent lines which occurs about a year
after surgery [3].

Application of smaller loads resulted in
more of the elements in the 2mm
remodelling zone turning to bone than did
the application of larger loads, suggesting
that radiolucency is related to patient weight
or activity level (Figure 1). An investigation
is now being carried out using patient
follow-up radiographs to find out if this in
fact is the case.

In the trabecular bone adjacent to the 2mm
remodeling zone an increase in RD was
observed. A similar observation was made
on some of the radiographs where a sclerotic

Implant & cement

() o)

line was observed just below the radiolucent
line (Figure 1).

Although based on a simple remodelling
rule, the model was able to simulate the
formation of soft tissue in a realistic manner,
providing synthetic radiographs which
compared well with patient radiographs.
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Figure 1: “Synthetic radiographs” (a, b, and c) and patient radiograph (d). (a) 1157N load (b) half
load and (c) double load applied on implant. Radiolucency (the dark area under the implant) in
increasing order — (b) < (a) < (c). Arrows in (a) point to stiffened bone.



JOINT LOADS AND BONE STRAINS ASSOCIATED WITH
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INTRODUCTION

In the short-term, the primary mode of
failure for hip resurfacing systems is femoral
neck fracture near the implant rim
(Shimmin, 2005), which may be associated
with damage accumulation in this region.
Bone damage caused by localized yielding
and low-cycle fatigue is associated with high
strains (Haddock, 2004; Morgan, 2001).
Additionally, likely due to patient selection,
motion analysis during normal walking has
shown that hip resurfacing patients produce
significantly larger adduction/abduction and
flexion/extension hip moments than trad-
itional hip replacement patients (Mont,
2007). These larger moments may result in
larger joint loads that would increase the
likelihood of high strains forming within the
femoral neck.

The purposes of this study were: 1) to
calculate joint loads associated with hip
resurfacing patients and compare these loads
to those in patients with traditional hip
replacements, 2) to analyze the effect of hip
resurfacing on bone strains near the implant
rim using the calculated joint loads and
nonlinear finite element analysis.

METHODS

The hip loads were calculated using a quasi-
static, reduction model (Paul, 1967). Mean
and standard deviations for the peak hip
abduction and extension moments associated
with hip resurfacing and traditional hip
replacement patients (Mont, 2007) were
used to determine the distribution of hip

joint loads (head, abductor, and extensor
loads) for each patient group. Since ground
reaction forces associated with these
moments were not provided, a distribution
of the head load direction was based on data
from telemetrically implanted patients
(Bergmann, 1993 & 2001). Additionally,
force equilibrium was constrained by
requiring the vertical component of the
resultant forces across the hip to equal
1.1BW (Crowninshield, 1979). This ap-
proach gave a distribution of joint loads, and
ten consecutive draws from these distrib-
utions were analyzed for each patient group.

Peripheral

Figure1: Anexploded view of the finite
element model of the implanted bone
showing the peripheral neck near the
implant rim.

Finite element (FE) models of a bone were
created from computed tomography (CT)
scans for the intact (pre-op) and implanted
(immediate post-op) cases. The bone-
implant system consisted of the surgically-
altered bone, a cement mantle, and an



implant (Fig. 1). Bone material properties
were assigned element by element using
empirical relationships between CT number,
apparent density, and elastic modulus
(Morgan, 2003). Head and abductor loads
were applied to the FE models based upon
the ten draws for the hip resurfacing patient
group. To analyze the potential for neck
fracture, max. and min. principal strains
were analyzed in the peripheral bone near
the implant rim (Fig. 1).

RESULTS

The head load magnitudes for the hip
resurfacing patient group were 3.12+
0.32BW compared to 2.66+0.39BW for the
traditional hip replacement group (P < 0.05).
For the hip resurfacing group, the head load
components were -0.88+0.26BW medial,
0.33+0.03BW posterior, and -2.96+0.31BW
superior; the abductor load components
were 0.71+0.09BW medial, -0.16+0.02BW
posterior, and 1.52+0.20BW superior.
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Figure 2: The range of peak principal
strains in the peripheral neck and the percent
volume of this region with large com-
pressive strains were substantially higher for
the implanted compared to the intact bone.

Comparing the intact to the implanted bone,
the peak max. and min. principal strainsin
the peripheral neck increased in magnitude
for each load trial, and for all load trials the
range of strain magnitudes was substantially

higher for the implanted bone compared to
the intact bone (Fig. 2). Additionally, the
percent volume of the peripheral neck that
had min. principal strain magnitudes greater
than 0.30% (Burr, 1996) was substantially
higher for the implanted compared to the
intact bone (Fig. 2).

DISCUSSION

Hip joint loads were found to be signi-
ficantly higher in the hip resurfacing group
compared to the traditional hip replacement
group. Additionally, the strainsin the
peripheral neck, associated with these larger
joint loads, were substantially higher in
magnitude for the implanted bone compared
to the intact bone. Thisincrease in bone
strain indicates a possibility of damage
accumulation in the femoral neck due to
localized yielding and low-cycle fatigue
(Haddock, 2004; Morgan, 2001), which may
be associated with short-term neck fracture
after hip resurfacing.
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REVISITING THE EMG-TORQUE RELATIONSHIP OF THE TRUNK
MUSCULATURE: EFFECTS OF ANTAGONISTIC CO-CONTRACTION
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INTRODUCTION

The use of electromyographic signals in the
modeling of muscle forces and joint loads
requires an understanding of the relationship
between the acquired electrical signals and
their generated joint torques. This
relationship has been studied for the trunk
extensor musculature and predominantly
been shown to be non-linear (Stokes et al.,
1987; Potvin et al., 1996), with a reducing
increase in torque output for a given
increase in electrical activity. This
relationship has been studied very limitedly
in the abdominal musculature (rectus
abdominis only), with similar results (Stokes
et al., 1989). However, in neither case has
the effect of torque produced by muscles
acting antagonist to the dominant moment
been thoroughly considered. Thus, the
purpose of this study was to reveal the
sensitivity of the EMG-torque relationship
of the trunk musculature to the consideration
of antagonist muscle torque.

METHODS

Eight healthy male individuals sat with
knees supported and a harness secured
across the upper torso and attached to a wall.
Participants were instructed to slowly
generate either isometric extensor or flexor
trunk torques from rest to maximum and
back to rest. This was done both with an
upright neutral torso, and with the torso
flexed to 50% of maximum about the hips.
EMG was recorded from 6 bilateral

abdominal muscles and 8 bilateral extensor
muscles. EMG was rectified, LP filtered
(2.5 Hz) and, using an anatomically detailed
biomechanical model, an estimation was
made of the torques generated by both the
extensor and abdominal musculature. The
agonist muscle torques (abdominal muscles
in the flexor condition and back muscles in
the extensor condition) were then either
linearly or non-linearly normalized to
maximum and compared (RMS difference)
to: 1) externally calculated torque alone; 2)
externally calculated torque combined with
antagonist muscle torque.

RESULTS AND DISCUSSION

A great deal of co-activation between the
abdominal and extensor muscle groups
occurred in each condition. Thus, the
degree and form of non-linearity in the
EMG to torque relationship depended
heavily on whether or not antagonist muscle
activity was considered. When antagonist
activity was not considered the relationship
was slightly non-linear, similar to previous
work (Stokes et al., 1987; Potvin et al.,
1996). The relationship was consistently
more non-linear when torques were
generated in the 50% flexed posture, and
consistently more non-linear in the
abdominal as compared to the extensor
muscle groups. However, when the
additional muscle torque generated by the
antagonist muscle groups was accounted for,
the relationship became much more linear,
displaying only very slight non-linearities.



Most striking, these slight non-linearities
were opposite to those previously found
experimentally, with rising increases in
torque outputs for a given increase in
electrical activity. It is interesting to note
that this opposite non-linear form has been
theorized using motor unit driven models of
EMG (Milner-Brown & Stein, 1975;
Fuglevand et al., 1994). Figure 1 displays
the EMG-FlexorMoment (50% hip flexion)
relationship in both cases: where antagonist
muscle activity has not (A) and has (B) been
accounted for.

Normalized Resistive Moment (% MVC)
o
o

0 20 40 60 80 100
Normalized EMG Moment (% MVC)
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’ ” Normaliz:;EMG Momeenot (% MVC) ” e
Figure 1: Scatterplots (all participants and
trials) for the Flexor Moment 50% flexed
condition displaying the Agonist EMG
Moment normalized to 100% of maximum
versus the Resistive Moment normalized to
100% of maximum. A: Resistive Moment is
the externally calculated moment alone; B:
Resistive Moment is the combined
externally applied moment and antagonist
muscle moment.

Finally, the non-linear differences between
abdominal and extensor muscle groups were
reduced when antagonist activity was
accounted for.

SUMMARY/CONCLUSIONS

Proper modeling of the EMG-torque
relationship of the trunk musculature
requires consideration of the activity of both
agonist and antagonist muscles, at least for
the type of isometric exertions studied here.
This study suggests that the relationship is
primarily linear, and that non-linear
impressions are most likely due to
disproportionate antagonist activity as torso
muscles increase force. It also appears that
very little difference exists between the
EMG-torque relationship between the trunk
extensor and abdominal musculature;
therefore they can be treated in a similar
manner during the EMG processing stage.
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INTRODUCTION

Humans control force production in their
limbs by using an internal model of
musculoskeletal mechanics to calculate
appropriate neural signals (Wolpert &
Ghahramani 2000). Subjects produce less
force during an isometric force matching
task when one limb is fatigued (Carson et al.
2002), presumably because they have not
updated their internal model. Carson et al.
(2002) also found that upper limb force
production after fatigue scales with
maximum voluntary strength. This suggests
that individuals use a sense of effort
(Gandevia & McCloskey 1977), rather than
proprioceptive feedback, to gauge upper
limb force production.

We have adopted the isometric force
matching task used by Carson et al. (2002)
to study normal force asymmetry in the
lower limbs of humans. The goal of this
study was to determine if force asymmetry
during bilateral force production results
from a neural mechanism related to sense of
effort. We hypothesized that subjects
attempting to produce equal forces in their
lower limbs would generate equal
percentages of their bilateral maximum
voluntary strength rather than equal absolute
limb forces. If true, this could provide
critical insight into the neural origins of
lower limb force asymmetry during
movement.

METHODS

Ten healthy subjects performed isometric
lower limb extensions on a leg press
exercise machine (Figure 1). We recorded
individual limb forces from a dual force

Mechanical

Dual Force
Platform

Figure 1. Leg press exercise machine.

platform and muscle activity from
electromyography electrodes. We assessed
subjects’ isometric strength with three trials
each of bilateral, left limb, and right limb
maximum voluntary contractions (MVC) in
a randomized order with three minutes rest
between trials. Lower limb MVC values
were determined as the peak force measured
within the three trials of each condition. We
identified the stronger limb as the limb that
produced the higher peak force during the
bilateral MVC condition.

After a ten minute rest period, we assessed
subjects’ ability to match forces in their
lower limbs with nine force matching trials.
Subjects were asked to exert a force using
the stronger limb equal to 20, 40, or 60% of
the peak force recorded from the weaker
limb during the bilateral MVC condition.
Subjects received visual feedback of the
target force level and the stronger limb
force. When subjects reached the target
force level in the stronger limb, they began
applying force with the weaker limb.
Subjects verbally signaled to the
experimenter once they believed they had
matched forces in both lower limbs. No
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Figure 2. Average forces for all subjects during
three different levels of force matching. Force levels
were 20%, 40%, and 60% of the maximum force
recorded at the weaker limb during the bilateral MVC
condition. A) Forces normalized to unilateral MVC
for each limb show significant differences for 40%
and 60% force levels. B) Forces normalized to
bilateral MVC shows no differences between limbs.
Error bars are standard error of the mean.

feedback was given about weaker limb
force. Subjects performed three trials at each
of the three force levels in a randomized
order. Subjects were unaware of the study’s
purpose and which limb produced more
force during the bilateral MVC condition.

For all force matching trials, we calculated
the average force applied by each limb for
three seconds after subjects indicated they
believed the forces were equal. We
normalized foot forces to a) each limb’s
unilateral MVC and b) to each limb’s
bilateral MVC. We used a repeated
measures ANOVA and Tukey-Kramer
Honestly Significant Difference (HSD) post-
hoc tests to determine if there were
differences between limbs and force levels.

RESULTS AND DISCUSSION

MVC trials showed significant differences
in peak force between limbs and conditions
(ANOVA, p <0.001). Subjects produced
average peak forces of 1143 N+ 130 N

(mean £ s.e.m.) and 904 N + 111 N for their
stronger and weaker limbs during bilateral
MVC trials, respectively (interlimb
difference p < 0.05). Subjects produced
average peak forces of 1625 N+ 180 N and
1582 N + 157 N for their stronger and
weaker limbs during unilateral MVC trials,
respectively (interlimb difference p > 0.05).
All subjects demonstrated a decrease in the
peak force generated during the bilateral
MVC trials when compared to the unilateral
MVC trials for each limb (p < 0.05).

During the force matching trials, subjects
consistently produced less force in their
weaker limb during both the 40% and 60%
force matching levels as a percentage of
their unilateral MV C force (p < 0.05)
(Figure 2A). However, normalizing force
magnitudes by bilateral MVC forces
revealed no significant differences between
limbs at all three force matching levels
(ANOVA, p=0.8506) (Figure 2B).

CONCLUSIONS

These results indicate that normal limb force
asymmetry during bilateral activation has a
neural origin. Regardless of whether humans
produce maximal or submaximal forces,
limb force asymmetry results from an
uneven neural drive to the lower limbs. Our
findings have implications for bilateral
asymmetries during movement in healthy
and neurologically impaired populations
such as individuals with post-stroke
hemiparesis.
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INTRODUCTION

During motion analysis the motion of the
human body is derived from the position of
surface mounted markers. Important sources
of measurement errors are soft tissue
artifacts (STA) and noise. Data processing is
based on a generic, kinematic model with
degrees of freedomp The traditional
approach, inverse kinematics (IK), estimates
g by a nonlinear least squares fit between the
measured marker positions and the model.
By estimatingy at each time step separately,
the a priori knowledge that human motion is
smooth can not be included. Furthermore,
numerical differentiation ofl leads to large
errors ong' andq" and will therefore

influence the joint reaction torqués

Cerveri et al. (2005) describe the use of a
Kalman filter to estimateg. This method
allows us to use the knowledge about the
smoothness of the motion and to estinpte
g' andq" simultaneously along with a
covariance which reflects the reliability of
the estimate. In this abstract, we show that
Kalman smoothing yields significantly
better results than Kalman filtering. A
comparison of our results and those obtained
with IK implemented in SIMM is presented
for bothq andT. The proposed method is
applied to a simulated as well as to an
experimental gait motion.

METHODS

Bayesian filtering and smoothing techniques
are based on a process and a measurement
model. Thenth order process model, used
for prediction, describes the joint motion

assumingy™ to be constant. The
measurement model, used for correction,
describes the relation between the stages (
... d) and the measurements (the marker
positions) and is based on the
musculoskeletal model provided in SIMM
(Delp, 1990). Modeling and measurement
errors are accounted for by considering well
chosen uncertainty in both models.

The developed framework is first validated
in simulation and is thereafter applied to and
evaluated on experimentally obtained gait
data. In simulation, STA are modeled by a
systematic error on the simulated marker
positions proportional tq with an order of
magnitude of 10mm over the motion range
(S1). Noise is simulated by corrupting the
simulated marker positions with Gaussian
noise with mean 0 and standard deviation
1mm (S2). In simulation the true states are
known, allowing a comparison between the
estimation errorses;on the IK estimates and
on the Bayesian estimates:
N

\/;zm* 0 -a@)’

£.=10

t=1

est

max(@) — min(q)

with g* the estimate ad, t time andN the
number of time samples. In the experimental
case, the estimations are based on a subset
of the measured markers, whereas the other
markers are used as validation markers. The
positions of these validation markers are
calculated frong*. The discrepancy

between the calculated and measured
positions of the validation markers is a
measure for the quality of.



RESULTSAND DISCUSSION

For the simulated case, table 1 shaws
obtained by IK and three different Bayesian
techniques for 6 out of the 21 estimated
degrees of freedom. More importantly, in
view of application to inverse dynamic
calculations, figure 1 shows that for both S1
and S2, % order Kalman smoothing yields a
much better estimate of the minimum and
maximum joint torques than IK (relative
percentage error reduced by factor 2 (S1), 12
(S2)). In the experimental case, one marker
on the thigh is used for estimation while two
markers on the same cluster are used for
validation. Figure 2 shows that for all three
markers the RMS distance between their
calculated and measured position is smaller
for 3 order Kalman smoothing than for IK.
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Figure1l: Percentage relative error on the
minimum and maximum joint torques for
the right leg (S1: top, S2: bottom).

CONCLUSIONS

Our results show that the use df Grder
Kalman smoothing substantially improves
the estimate of joint kinematics and kinetics
as compared to the currently used
techniques: inverse kinematics implemented
in SIMM and 2% order Kalman filtering
proposed by Cerveri et al. (2005).
Furthermore we can show that the local
marker estimation technique of Cerveri et al.
(2005) is only applicable to a limited

number of markers.
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Figure 2: RMS distance between calculated
and measured position of thigh markers.
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Table 1: Pecentage error on the estimates of the genatal@erdinates of the right leg obtained

by four different methods for a simulated gait mntcorrupted by noise (S1) or STA (S2).
estimation error hip flexion hip adductign  hip rida knee angle ankle angle subtalar angle
noise| STA| noise] STA noise STA noise STA noise SThoise | STA
inverse kinematics 1,04 290 637 893 122 13,0330, 1,25| 1,87 4,82 2,34, 10,2
Kalman filter (n = 2) 0,44| 263 0,76 6,12 1,76 13,022 | 1,24| 1,28 481 155 10,1
Kalman smoothing(n=2) 0,24 262 03P 6,13 033,41 0,13 | 1,26| 0,62 4,79 0,77 1041
Kalman smoothing (n=3) 0,23 2,62 0,36 6,13 883,41 0,11 | 125 0,56] 4,80 0,69 101
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INTRODUCTION

The objective of this study was to develop
and validate a 3D dynamic finite element
(FE) model of a total knee replacement
(TKR) that could be used to simulate implant
mechanics under functional loading
conditions.

To date, dynamic FE TKR models have
mainly been used to simulate implant testing
environments (Godest et al, 2002). The
ability to simulate the loading conditions and
movement constraints experienced by a TKR
in vivo would greatly enhance understanding
of knee implant mechanics. Recently,
dynamic FE models that simulate the
implanted environment have begun to appear
(Halloran et al, 2005; Barink et al, 2005).
The model presented here is unique by virtue
of 1) representing the full degrees of freedom
(DOF) of all components (femur, tibia and
patella) simultaneously under the control of a
quadriceps load and 2) validation by direct
comparison with in vitro kinematic and force
data. The model is capable of reproducing
experimental data as well as predicting
responses to perturbations.

METHODS

A knee specimen was prepared by resecting
all tissue surrounding the joint, leaving the
joint capsule and quadriceps muscle. A
posterior-cruciate-retaining TKR (PFC
Sigma, Size 4, DePuy, Warsaw, IN),
including patellar resurfacing, was implanted
by an experienced orthopaedic surgeon using
standard procedures. The specimen was

mounted in a modified Oxford rig (Zavatsky,
1997) and a 6 DOF force transducer (MC3A-
250, AMTI, Watertown, MA) was placed at
the distal tibia in line with the bone.
Kinematic tracking arrays (Optotrak 3020,
NDI, Waterloo, ON) were fixed to the femur,
tibia and patella and a probe was used to
register the implant components and bones to
corresponding computer models.

Kinematic and force data were collected as
the knee joint was extended via a cable fixed
to a clamp on the quadriceps muscle. The
cable was wound by a motor attached to the
proximal femur (cable velocity 16 mm/s).
Trials were performed at Q-angles of 10° and
15°. Afterwards, the specimen was dissected
and insertion locations of the major
ligaments were recorded with the probe.

The Oxford rig was simulated with the non-
linear dynamic explicit FE code LS-DYNA
(LSTC, Livermore, CA) using built-in
penalty-based mechanical joints to simulate
the various connections in the rig. Rigid
masses were used to connect the various
joints together and to model the inertial
properties of the rig. Hexahedral FE meshes
with element edge lengths of 1.0 mm were
constructed for the TKR components based
on CAD representations of the implants.
The femoral component was modelled as
rigid, while the UHMWPE tibial insert and
patellar button were represented using a non-
linear elastic-plastic material model. The
bones were considered rigid and the tibial
insert was fixed to the tibia. A coefficient of
friction of 0.09 was used.



Six ligament bundles were modelled (LCL,
superficial MCL, deep MCL, PMC, anterior
PCL and posterior PCL) along with the
patellar ligament and the quadriceps muscle.
For each bundle, nine non-linear cable
elements were used. Stiffness and reference
strain values were obtained from the
literature and insertion locations relative to
the femoral and tibial components were
generated from the experimental data.
Registration data from the experimental trials
were used to set initial poses. Simulations
were performed for both Q-angles.

RESULTS AND DISCUSSION

The 3D joint kinematics for the tibiofemoral
joint (TFJ) and patellofemoral joint (PFJ),
along with ankle joint reaction forces and
moments, were extracted from the
simulations and compared to data from the
experimental trials. Trends for individual
trials were evaluated along with the changes
due to the Q-angle increase.

The simulated TFJ kinematics produced
trends of motion that were consistent with
the experimental data. The simulations had a
TFJ varus angle offset along with an internal
rotation relative to the experimental data,
possibly due to a lack of posterior-lateral soft
tissues in the model. The simulated PFJ
kinematics produced correct trends but were
offset from the experimental data with an
increased medial tilt and medial spin. The
reaction force and moment data were
reproduced accurately by the simulation with
only minor offsets.

The increase in Q-angle produced a valgus
and lateral shift in the experimental TFJ
kinematics which were not reproduced well
in the simulation. However, the increased
medial tilt and lateral spin observed for the
PFJ were accurately simulated. The Q-angle
change produced a lateral force shift and

varus moment shift that were both captured
by the simulations (Figure 1).
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Figure 1: Comparison of experimental
(Exp) and simulated (Sim) medial-lateral
(M-L) forces and varus-valgus (V-V)
moments for both Q-angles (Q10° & Q15°)
as a function of TFJ flexion (F-E) angle.

SUMMARY/CONCLUSIONS

A unique 3D dynamic TKR model has been
presented that simulates full TFJ and PFJ
function during a weight bearing extension
motion controlled by quadriceps loading.
The model was validated by direct
comparison to an in vitro experiment and
was able to reproduce measured kinematic
and reaction force data. Changes in PFJ
kinematics and reaction force data due to an
increase in Q-angle were accurately
predicted by the model.
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INTRODUCTION

During locomotion, humans adapt their
motor patterns to maintain coordination
despite changing conditions (Reisman et al.,
2005). Bernstein (1967) proposed that in
addition to the present state of a given joint,
other factors, including limb inertia and
velocity, must be taken into account to allow
proper motion to occur.

During locomotion with added mass
counterbalanced using vertical suspension to
maintain body weight, vertical ground
reaction forces (GRF) increase during
walking but decrease during running,
suggesting that adaptation may be velocity-
specific (De Witt et al., 2006). It is not
known, however, how lower extremity joint
torques adapt to changes in inertial forces.

The purpose of this investigation was to
examine the effects of increasing body mass
while maintaining body weight upon lower-
limb joint torque during walking and
running. We hypothesized that adaptations
in joint torque patterns would occur with the
addition of body mass.

METHODS

Vertical GRF was measured while ten
subjects (5M/5F) walked (1.34 m-s™) and
ran (3.13 m-s™) on a Kistler Gaitway
treadmill (Amherst, NY). Sagittal plane
kinematics were obtained using an optical
motion capture system (Smart Elite System,
BTS Bioengineering Spa, Milanese, IT).

Subjects completed trials with 5 added mass
(AM) conditions (0%, 10%, 20%, 30% and
40% of body mass) applied in random order.
The added mass was achieved by having
subjects wear a weighted vest (X-Vest,
Perform Better, Cranston, RI). Body weight
was maintained using a pneumatic
unweighting system (H/P/Cosmos Airwalk,
Nussdorf-Traunstein, Germany).

Ten consecutive strides were analyzed after
each subject achieved steady-state within
each trial. Left hip and knee joint torques
were computed using inverse dynamics.
Positive torques represent hip and knee
extension. Positive and negative angular
impulse (Al) for each joint was found during
the stance and swing phase of each stride,
respectively. Trial means for each variable
were computed for each condition.

Analysis of variance with repeated measures
was used to determine the affect of AM
conditions on angular impulse. Separate
analyses were conducted for walking and
running. Tukey-Kramer post-hoc tests were
used to determine differences when a
significant AM effect (p<0.05) was found.

RESULTS AND DISCUSSION

For all conditions, knee flexor torque
dominated during the early stance phase of
walking (see Figure 1), which is contrary to
the presence of extensor torque reported in
literature (De Vita et al., 1996). This may be
a specific characteristic of treadmill



locomotion that is not apparent during
overground gait.

During the stance phase, hip extensor Al
increased with AM during walking, but was
not affected during running. Hip flexor Al
increased with AM during running, but was
unaffected during walking. Knee extensor
Al was not affected by AM, but knee flexor
Al increased with AM during running.

During the swing phase, AM did not affect
hip Al during walking, but both flexor and
extensor Al decreased with increasing AM
during running. Knee extensor Al decreased
with increasing AM during both walking
and running. Knee flexor Al during swing
was unaffected by AM in either gait mode.

SUMMARY/CONCLUSIONS

Our findings suggest that when mass is
increased while maintaining body weight,
adaptations in joint torques occur that are
specific to each locomotion style (walking
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or running). Hip and knee Al were affected
by AM, but the effects were different
between walking and running, and were
inconsistent. It appears that the control
system adapts differently to walking with
AM than running.
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INTRODUCTION

The temporomandibular joint (TMJ) of the
jaw is a unique and complex structure
composed of a concave articular surface
(fossa) on the temporal bone, a convex
articular surface (condylar head) on the
mandible and a bi-concave fibrocartilagious
articular disc inter-positioned between the
two bony structures. Motion of the
articulating disc is constrained by
surrounding ligaments. Interruption of
normal articular disc motion causes
temporomandibular joint disorders (TMDs).
TMDs are characterized by altered disc
displacement and osteoarthritis of the joint.

Surgical intervention provides relief of pain
and improvement in quality of life for
patients, especially in end-stage advanced
TMJ osteoarthritis (OA), when bone-on-
bone contact and/or fibroosseous ankylosis
cause unbearable conditions for patients.
Therefore, understanding joint mechanics
and kinematics of the TMJ is essential for
determining proper treatment of the TMJ
during OA.

Previous studies have typically assessed
TMJ function and surgical outcomes
subjectively by patient response
questionnaires and objectively by measuring
the borderline movement of the incisors
(Mercuri, 2004;Wolford et al., 2003; Nitzan
etal., 2001). However, more recently,
investigators (Gallo, 2005) have suggested
the combination of medical imaging and

kinematic data acquisition methods
represent and quantify the motion of the
condyles and incisors with greater accuracy.

The purpose of this study was to quantify
movement of the mandibular condyles and
the incisors in TMJ OA patients before and
after TMJ metal fossa-eminence hemi-joint
replacement surgery. These motions were
quantified using an electromagnetic motion
tracking system combined with patient-
specific CT images.

METHODS

Fourteen patients with TMJ OA were
enrolled in the study according to IRB
guidelines prior to receiving a hemi-joint
implant. Subjects were fit with custom
plastic dental stents. Six 0.8 mm diameter
metal beads were embedded in the stents on
the vestibular surface of all four first molars
and both upper and lower central incisors.
The stents were form fitted and no adhesive
materials were required to fix them to the
teeth.

The subjects wore the dental stents on their
upper and lower teeth during both the CT
imaging and the kinematic recording
sessions. CT scans were obtained on a 64-
slice MDCT system (Sensation 64, Siemens,
Forchheim, Germany). Locations of the
metal beads and the volumetric centroids of
the condyles were obtained in the CT
coordinate system using Analyze image
analysis software (Robb et al., 1989).



Pre-and post-operatively, an electromagnetic
tracking device (Polhemus, Inc.) and
accompanying software (The Motion
Monitor, Innovative Sports Training, Inc.,
Chicago, IL) were used to record the three-
dimensional kinematics of the mandible
relative to the temporal bone in the in-vivo
coordinate system. A calibrated Plexiglas
digitizing probe was used to locate the metal
bead locations within the in-vivo coordinate
system. Four trials of maximal opening-
closing movements were performed starting
and ending in the maximum intercuspal
position.

The transformation between the two
coordinate systems (in-vivo and CT) was
determined using the 3D positions of the
metal beads (Fig. 1). The CT image data
(including the condyle centers and incisor
locations) were then transformed to the in-
vivo coordinate system for analysis and
animation.

Figure 1: Kinematic data and CT images
were aligned using markers on the upper and
lower custom dental stents.

Three opening portions of the mandibular
movements were selected from the trial with
the greatest mouth opening. Condylar and
incisor linear distances (LD, 3D distance),
and curvilinear distance (CP, length along
3D path) were calculated for incisor and
condylar points defined from the CT images
during jaw opening and closing. Rotation of
the mandible was evaluated using helical
axis parameters.

RESULTS AND DISCUSSION

The mean calculated LD and CP traveled by
the incisors increased significantly from
30.36 mm £ 6.87 mm and 31.53 mm + 7.03
mm pre-operatively, to 35.52 mm £ 5.28
mm and 36.58 mm + 5.52 mm post-
operatively (p<0.05), respectively. The
mandibular rotation significantly increased
from 19.30°+4.92° pre surgically to
24.81°+3.86° degrees post surgically.
Condylar LD and CP values did not change
significantly from pre- to post-implant
surgery.

SUMMARY/CONCLUSIONS

This kinematic method documented
preservation of operated and unoperated
condyle motion, improved incisal opening
and increased mandibular body rotation and
allowed for objective measures of surgical
outcome. More advanced analysis methods
including helical axis locations and
orientations, and inter-boney (joint space)
distances will highlight the benefits and
applicability of TMJ kinematic analysis in a
clinical setting.
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INTRODUCTION

Many biomechanical models of the lower
extremities do not take into consideration
soft tissue motion effects relative to bone.
The motion of segmental soft tissues or
wobbling masses (WM) has been shown to
significantly influence the magnitude of
impact kinetics (Gruber et al., 1998). Since
thereisalack of information regarding WM
tissues for living people that can be put into
such models, Holmes et a. (2005)
developed and validated regression
equations to predict the WM of the lower
extremity (thigh, leg, and leg and foot
segments) of young healthy adults. These
eguations require inputs such as segment
length, circumference, breadth and skin-fold
thickness, and subject data such as height,
weight and sex. However, the reliability of
these measurements and the effect on
predicted WM estimates from the equations
has yet to be determined. Therefore, the
purposes of this study were to measure the
inter- and intra-measurer reliability of the
anthropometric dimensions necessary as
inputs into the prediction equations (Holmes
et a., 2005), and to quantify the effects on
the predicted WM magnitudes.

METHODS

Fifty participants (25 males and 25 females
with amean (S.D.) age of 22.5 (2.79) years,
height 1.72 (0.09) m and mass of 72.3 (13.3)
kg), were recruited from the University of
Windsor population. Two measurers were
each responsible for collecting two sets of

unilateral measurements from the right
upper and lower limb (the upper limb data
were recorded for a subsequent study). 9
upper limb and 10 lower limb anatomical
landmarks were marked with 0.64 cm
diameter stickers that were used to quickly
identify the start and end points of the
segment dimensions. Following landmark
identification, segment measurements were
taken using standard measuring equipment
(soft measuring tape, anthropometer, and
callipers). 6 lengths, 6 circumferences, 8
breadths, and 4 skin-fold thicknesses for the
upper and lower limbs were acquired.

M easurements were made in different planes
(e.0. frontal, sagittal) and at different points
on each segment (e.g. proximal, midway,
distal), where possible. Landmark stickers
were removed and a new set attached before
the second set of measurements took place.
Once the second set of measurements were
collected by the first measurer, the second
measurer followed with the identical
protocol. Mean differencesin
measurements between and within
measurers were statistically evaluated using
ANOVA, and correlational analyses (Intra-
class correlation coefficients or ICCs) were
conducted using a 2-way random effects
model for absolute agreement (Weir, 2005)
to quantify reliability. The four sets of
measurements were input into the prediction
equations of Holmes et al. (2005) to produce
WM tissue estimates for both attempts by
each measurer. Differencesin tissue
estimates were quantified in terms of percent
error and RM Serror.



RESULTSAND DISCUSSION

Significant differences were found between
measurers and between sexes (p<0.05) in
half of the measurement sites. However, the
mean measurement differences were
relatively small in genera (e.g. 90% of
between-measurer differences were < 1 cm).
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Figure 1: Mean (S.D.) measurement type
differences by segment.

Differences between attempts were found
not to be statistically significant for almost
all the measurements. Mean measurement
type differences were a'so small ranging
from only 0.13 t01.29 cm for skinfold and
lengths, respectively (Figure 1).
Circumference differences were higher on
average because of the compressibility of
the soft tissues. These types of
measurements were less affected where they
occurred around bony processes with little
underlying soft tissue. Discrepanciesin
landmark positions between measurers led
to higher length differences overall.

The average measurement type ICCs were
0.79, 0.86, 0.85 and 0.86 for lengths,
circumferences, breadth and skinfolds,
respectively, which indicates good to
excellent reliability. Measurement site ICCs
also showed good to excellent reliability
(mean ICC = 0.84). The higher reliability
within-measurer vs. between-measurer was
expected as small differences in marker
placement between measurers were noted.
Difference in placement of a single marker
could contribute to errors in multiple

measures (e.g. the location of the mid-calf
marker has an effect on one circumference,
one length, and two breadth measurements).

WM magnitude predictions were moderately
affected by the measurement differences
with maximum errors of 13.3% and 4.7%
for between- and within-measurers,
respectively (Table 1).

Table 1: Mean RM Serror and % error in
WM predictions.

Segment Mean (S.D.) RMSe % Error

Btwn Within

Thigh 8443.82 218.92 133 0.9
(1369.13)

Leg 2817.24 147.43 9.2 4.7
(393.71)

Leg and Foot 3469.97 172.35 10.7 3.6
(509.71)

SUMMARY/CONCLUSIONS

Overall, the measurement differences
between- and within-measurers were found
to be small, with within-measurer estimates
more consistent than between. Almost all
measurements had high to excellent
reliability. The WM predictions from the
eguations were moderately affected by the
measurement differences, but within-
measurer effects were considerably lower in
genera. This highlights the importance of
measurer training and limiting the number of
measurers in large scale studies when the
WM prediction equations will be used.
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INTRODUCTION

Computer models of the lower limb that
characterize the geometry and force-
generating properties of muscles are widely
used. Models of the lower limb have been
created primarily from descriptions of
muscle architecture published by
Wickiewicz et al. (1983) and Friederich and
Brand (1990). These reports of muscle
architecture were based on a small number
of subjects, three and two, respectively, and
the models that incorporate these data have
several limitations. One important
limitation is that lower-limb models predict
that the ankle plantarflexors generate force
over a more narrow range of ankle angles
than human subjects do (Delp et al., 1990).
Two possible reasons for this discrepancy
are; the assumption that all fibers within a
muscle are the same length is incorrect or
the fiber lengths reported in previous studies
are incorrect.

Ward et al. recently measured lower
extremity muscle architecture in 20 subjects
(submitted to ASB 2007). The purpose of
our study was to evaluate the functional
consequences of the new architecture data—
specifically, to model how differences in the
optimal fiber lengths of the ankle
plantarflexors affect their force-generating
capacities over a range of ankle angles.

METHODS

We developed two models of the ankle
plantarflexors. The first was based on data
reported by Wickiewicz et al. (1983) and the
second was based on the data reported by
Ward et al. (2007). The two models had
identical bone geometry, muscle paths, and
joint kinematics. As a result, differences in
the relationship between muscle fiber length
and ankle angle arose solely from
differences in muscle architecture.

Wickiewicz et al. (1983) reported the cross-
sectional area of gastrocnemius as a single
muscle instead of separating the two heads.
For the model based on these data, we
divided cross-sectional area between the two
compartments according to proportions used
by Delp et al. (1990).

For the model based on the optimal fiber
lengths reported by Ward et al., we
estimated tendon slack lengths (L) by
making adjustments until we obtained the
L, value that produced a fiber length that
matched the experimentally derived fiber
lengths at the same joint angles measured in
the specimens. This process resulted in
tendons that produced too much passive
force during dorsiflexion. We lengthened
the tendons slightly, 9.0, 6.1, and 6.6% for
soleus, and medial and lateral gastrocnemius
respectively, so that passive forces were
more consistent with experimental results
(Siegler 1988).
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Figure 1: Normalized force-length curves for soleus, and medial and lateral gastrocnemius. The models of soleus
and medial gastrocnemius with properties based on the architecture data of Ward et al. (2007) operate on a more
narrow region of the force-length curve and maintain greater force-generating capacity over a 20° plantarflexion to
20° dorsiflexion range of motion than models of these muscles based on architecture data from Wickiewicz et al.

(1983).
RESULTS AND DISCUSSION

Average optimal fiber length of soleus was
significantly longer in the data from Ward et
al. (2007) compared to the data reported by
Wickiewicz et al. (1983; Table 1). This
produced a substantial change in the force-
generating characteristics of the soleus.
Soleus was able to exert a greater fraction of
its maximum force over the 20°
plantarflexion to 20° dorsiflexion range of
motion with the longer fiber length (Figure
1). Additionally, the slightly longer fibers
of the medial gastrocnemius reported by
Ward et al. increased the muscle’s force-
generating capacity over the range of
motion. Lateral gastrocnemius had similar
fiber lengths in the two data sets; thus, the
range of operating lengths was similar in the
two models.

These changes represent a significant
improvement for musculoskeletal modeling
because the plantarflexors are predicted to
exert force over a broader, more
experimentally-consistent range of ankle
angles than previous models. This result is
particularly important for creating

simulations of actions such as walking and
jumping in which the plantarflexors generate
large moments about the ankle. Previous
simulations based on shorter fiber lengths
result in over-activation of these muscles to
compensate for the fact that they were
predicted to exert low forces when the ankle
joint was plantarflexed.

Table 1: Mean optimal fiber lengths £ SD (cm) for
the major plantarflexors in the two data sets.

Wickiewicz Ward
Soleus 2.394+0.09* 4.40+0.99 §
Medial Gas 4.34+0.43** 5.10+0.98 §
Lateral Gas 6.22+1.19** 5.88+0.95 §

*n=2;**n=3;§n=20
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INTRODUCTION

Stepping aerobics are getting popular
because of its similarity to daily living
activities, accessibility to general
population, safety to practice, and adjustable
intensity with various forms (i.e., varying
stepping speed, height, and direction) (Wang
et al, 2003). Unfortunately, musculoskeletal
loadings associated with this popular
exercise program are rarely quantified.
Thus, prescribing stepping aerobics as a
potential intervention program for
improving physical function has become
difficult. The purpose of this study is using
biomechanical methods to systemically
quantify the influence of stepping regimen
including 2 different directions (forward and
lateral stepping) and 3 different step heights
(6, 8, and 10 inches) on joint kinetics in
healthy adults.

METHODS

Fifteen male and fifteen female healthy
adults, aged from 19 to 29 years,
participated in this study. Eighteen
reflective markers were attached to
anatomical landmarks of bilateral lower-
extremities and pelvis. Subjects were then
required to perform stepping aerobics on 3
different step heights (6, 8, and 10 inches)
while recorded by a six-camera motion
analysis system (120 Hz, Vicon 460, Oxford
Metrics, Oxford, UK) and a force platform
(Kistler, Model #9284, Winterthur,
Switzerland).. They were also asked to
perform the stepping aerobics in 2

movement directions, forward (FS) and
lateral stepping (LS). The speed of the
stepping aerobics was controlled at 120
steps/min by a metronome. The stepping
activities were performed in a random
manner and 3 successful trials of each
activity were collected. The primary
outcomes were the average peak joint
moments and powers generated during the
landing phase of each stepping activity at
the ankle, knee, and hip. Data in sagittal and
coronal planes were analyzed. Repeated-
measure ANOVAs and Bonferroni post-hoc
analyses were used to examine the
differences in joint kinetics produced among
the movement directions and different
heights.

RESULTS

There were no statistically significant
interactions between the movement direction
and stair height in each variable accessed
(joint moments and powers). Statistically
significant main effects were identified
between the directions of movements for the
joint moments and powers at the hip, knee,
and ankle joint (p <.05) (Fig. 1); except for
the hip flexor moment (p = .47) and ankle
dorsiflexor moment (p = .06). Joint powers
and coronal-plane joint moments produced
during LS were significantly greater than
those generated during FS at the hip, knee,
and ankle (p < .001). However, moments in
the sagittal plane did not show a consistent
trend between FS and LS among the 3
joints. There were also statistically
significant main effect differences among



the 3 stair heights. Joint moments and
powers were the greatest while performing
the stepping aerobics on the 10-inch step
and the lowest while performing the
activities on the 6-inch step (p < .05).

CONCLUSIONS

A dose-response relation between the lower-
extremity joint kinetics and step height was
identified in this study. Stepping aerobics
performed on the 10-inch step produced
greater lower-extremity musculoskeletal
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loadings than those performed on the 6-inch
step. The Kinetic responses were also
direction- and joint-specific.
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INTRODUCTION

Stiff-knee gait, a common pathological
walking pattern of persons with cerebral
palsy, is characterized by reduced and
delayed peak knee flexion during the swing
phase of gait. This abnormality may lead to
tripping or energy-inefficient compensatory
movements due to inadequate toe clearance
(Sutherland and Davids, 1993). The
reduction in knee flexion has commonly
been attributed to over-activity of the rectus
femoris during swing phase (Perry, 1987).
However, abnormal muscle activity during
the stance phase, such as excessive force in
vasti or rectus femoris, may decrease knee
flexion velocity at toe off and limit knee
flexion in swing (Goldberg et al., 2006).

Rectus femoris transfer surgery, which is
intended to decrease the muscle’s knee
extension moment while preserving its hip
flexion moment, is a common treatment for
stiff-knee gait. It is generally indicated
when a patient exhibits abnormal rectus
femoris excitation during swing phase.
However, if stance phase factors also inhibit
knee flexion, excessive excitation of rectus
femoris during preswing may also be an
important indication for rectus femoris
transfer surgery. The purpose of this study
was to evaluate the relative importance of
preswing rectus femoris activity to peak
knee flexion in patients with stiff knee gait.

METHODS

We assessed the effects of rectus femoris
activity during stance and swing by creating
dynamic gait simulations of ten patients with
cerebral palsy. These subjects, with an

average age of 10.6 years, were each
categorized as exhibiting stiff-knee gait in at
least one limb by Goldberg et al. (2006).
The gait analysis data were collected at
Connecticut Children’s Medical Center in
Hartford, CT, as a routine part of treatment
planning. No subject exhibited excessive
knee extension moments or diminished hip
flexion moments during swing (Goldberg et
al., 2006). Most subjects displayed
excessive knee extension moments during
double support. A musculoskeletal model
with 21 degrees-of-freedom and 92 muscle
actuators was scaled to represent the size of
each subject. Using computed muscle
control (Thelen et al., 2003) we determined
a set of muscle excitation patterns for each
subject that produced kinematics similar to
the subject’s measured motions when used
to drive a forward dynamic simulation. The
computed excitation patterns were generally
consistent with each subject’s measured
EMG data. Forward dynamic simulations
were performed for the period of preswing
through peak knee flexion.

To investigate the relative contribution of
rectus femoris activity during preswing and
swing on knee flexion, two more
simulations were created for each patient;
one in which rectus femoris excitation was
eliminated during preswing only, and a
second in which rectus femoris excitation
was eliminated during swing only (Fig. 1).
Preswing was defined to be a time period
before toe-off equal in length to early swing.
Early swing was defined to be the period of
gait from toe-off to peak knee flexion. The
difference in amount of peak knee flexion
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improvement between the two cases was
compared for each patient.

RESULTS AND DISCUSSION

Simulated improvement in peak knee
flexion when rectus femoris excitations were
eliminated during preswing was greater than
that when rectus femoris excitations were
eliminated during early swing in eight out of
ten subjects. Using a paired t-test (p<0.05),
the amount of peak knee flexion
improvement attained by eliminating rectus
femoris excitations during preswing was
significantly greater than the amount of peak
knee flexion improvement attained by
eliminating rectus femoris excitations during
swing (Fig. 2). This result suggests that
rectus femoris activity during preswing may
have greater influence on peak knee flexion
than rectus femoris activity during early
swing in some patients with stiff-knee gait.
In evaluating the causes of stiff-knee gait,
one should examine rectus femoris EMG in
preswing as well as early swing (before peak
flexion is attained) for abnormal activity.

Dynamic simulations allow one to evaluate
the changes in body motions caused by
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Figure 2: Average simulated improvement
in peak knee flexion among all 10 subjects
when rectus femoris excitation was
eliminated in preswing or swing. Error bars
signify = 1 SD.

alterations in the timing of muscle activity.
This provides a valuable tool for assessing
and investigating the mechanisms leading to
improvements in some patients following
treatment for stiff knee gait. Our future
work will focus on simulating the
postoperative gait of subjects with good and
poor surgical outcomes to determine why
some subjects have a dramatic improvement
with treatment while others improve very
little or get worse.
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INTRODUCTION

Pressure sensitive insoles have emerged as a
powerful tool for assessing the pressure
distribution on the sole of a foot. The
pressures measured by the insole sensors can
also be combined to determine a partial set
of net ground reactions (COP-center of
pressure, VGRF - vertical ground reaction
force) (Barnett, et.al, 2000, Chesnin, et.al,
2000). Such information could conceivably
be used within a least-squares inverse
dynamics approach (Kuo, 1998) to estimate
joint kinetics, thereby providing an
alternative to fixed forceplates. However,
using insoles for inverse dynamics analysis
would require the global position of the
insole sensors be tracked with high fidelity.
This is a challenging requirement to achieve
since the flexible insoles are embedded in a
shoe which can undergo large motion and
deformations. The objective of this study
was to develop and evaluate the use of an
array of motion capture markers affixed to a
shoe to track insole sensor positions during
walking and running. The accuracy of the
approach was assessed by comparing the
estimated position of the COP and the net
vGRF with values measured using a fixed
forceplate.

Figure 1. Ten markers (15 mm) affixed around
the periphery of a running shoe were used to
track insole sensor positions.

METHODS

Five healthy young adults (25 £2 yrs, 68.9 £
6.8 kg, 172.5 £5.5 cm) were tested. Each
subject walked at three speeds (slow,
preferred, fast) and ran at two speeds
(preferred, fast) over a fixed forceplate
(AMTI). Three repeated trials at each speed
were performed. Each subject also
performed a standing static calibration trial,
in which he/she stood on a fixed forceplate
while voluntarily shifting the center of
pressure in the anterior-posterior and medio-
lateral directions.

A motion capture system (Motion Analysis)
was used to measure the kinematics of ten
markers affixed to the periphery of a pair of
running shoes (Figure 1). Pressure sensitive
insoles (99 capacitive sensors per insole,
Novel Inc.) were fitted into the shoes to
measure the pressure on the bottom of the
feet for all trials. Pressure data was acquired
at 100Hz synchronously with the kinematic
(200Hz) and forceplate data (2000Hz). At
each frame, we used a natural cubic spline
through the positions of the 10 motion
capture markers to infer the positions of 100
virtual markers around the periphery of the
shoe.

Figure 2. A standing calibration trial was used to
establish the location of the sensors (small dots)
that optimized agreement between the insole and
forceplate measured COP trajectories.



A two stage transformation was used to map
the insole sensor locations into the lab
reference frame. The first transformation
determined the global position of the insole
sensors in the calibration trial. Numerical
optimization was used to determine a linear
transformation from the ground to the insole
reference frame that minimized the
differences between the insole COP
trajectory and the forceplate COP trajectory
(Figure 2).

The second stage used piecewise affine
transformations to describe the position of
the moving insole sensors with respect to the
calibration trial. At each frame of a motion
trial, a separate affine transformation was
used for each sensor. This transformation
was obtained from the measured relative
motion of the virtual markers with respect to
the calibration trial. It was quantified by
placing an orthonormal basis in the nearest
virtual marker to the sensor, and defining the
principal axes of the transformation using
the neighboring markers.
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Figure 3. Agreement between net vertical force
recorded by the insole and forceplate.

RESULTS

The proposed affine transformation
approach generated estimates of the vGRF
and COP that were remarkably similar to
that measured by the forceplate (Figure 3).
Root mean square (RMS) differences in the
vGRF were <1% of peak vertical force for
walking and <2% of peak vertical force for
running. RMS differences in the COP were
<5 mm during walking and <9 mm during
running (Table 1). The largest errors in the
COP trajectory occurred at heel strike.

Table 1: Mean (SD) RMS differences between
the forceplate and insole in the vGRF and global
position of the COP.

Speed vGRF (N) COP (mm)
Slow Walk 5.3 (4.0) 3.5(0.5)
Preferred Walk 6.7 (4.4) 4.6 (0.7)
Fast Walk 6.7 (4.7) 4.5(0.9)
Preferred Run 23.3(11.2) 8.4 (1.5)
Fast Run 26.8 (12.9) 7.5(1.9)
DISCUSSION

We have demonstrated a novel approach to
tracking the global position of the pressure
on the bottom of the feet during human
walking and running. There are two
important uses of this information in
biomechanics. One application is the
refinement of foot-floor contact models used
to simulate human locomotion. Most
current models use an array of discrete
visco-elastic units on the sole of the foot
(Gilchrist and Winter, 1996). Accurate
pressure distribution could be used to both
estimate contact model parameters and
validate model predictions. A second
application is in least squares inverse
dynamics (LSID), which uses the kinematics
of a whole body model to calculate the
missing ground reaction components (Kuo,
1998). Such an approach would be a
powerful alternative to the use of fixed
forceplates for calculating internal joint
torques during human locomotion.
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INTRODUCTION

The rate of eye injuries has dramatically
increased in warfare from approximately 2%
during World War I and World War 11, to
nearly 13% during Operation Desert Storm
(Heier 1993, Wong 2000) (Figure 1). In
order to assess the capability of protective
equipment in reducing eye and facial
injuries, a new advanced headform is being
developed that can predict fracture of facial
bones, as well as eye injury from impact
loading. Because of its emphasis on eye and
orbital injuries, the name of this new
advanced headform will be the FOCUS
Headform, which stands for Facial and
Ocular CountermeasUre Safety Headform
(Figure 2).

METHODS

In order to develop the FOCUS headform
for eye injury response, the response of the
human eye to impact was characterized. A

two-part study was utilized to develop
biofidelity requirements and develop eye
injury risk functions.

First, the force-deflection response of the
human eye was determined by dynamic
impact testing of eyes in-situ. Human eyes
were impacted by a spring powered
impactor to determine the amount of force
required to displace the eye a given distance
into the orbit. The FOCUS synthetic eye
was subjected to the same test to assess its
biofidelic response to impact.

Second, injury risk functions for five
frequently occurring eye injuries were
developed based on data from blunt
projectile impacts. In addition to existing
data reported in the literature, 126 projectile
tests were conducted to determine injury
response. Logistic regression was used to
determine the eye injury risk based upon the
normalized energy (J/m?) of the projectile.
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RESULTS AND DISCUSSION

Force-deflection results for individual tests
were determined from test data, and from
the complete dataset the overall force-
deflection corridor is generated (Figure 3).
This corridor defines the biofidelity
requirements for the FOCUS headform, so
that the force-deflection response of the
synthetic eye in the headform matches that
of the human eye in-situ.

Eye injury risk functions were developed
based on an extensive database of all eye
injury impact tests reported in the literature
and from experimental tests (Figure 4).
Using over data from 251 eye impact tests,
normalized energy (energy per projected
area) value was found to be a significant
predictor for corneal abrasion, hyphema,
lens dislocation, retinal damage, and globe
rupture (p < 0.001 in all cases). These
injury risk functions will serve as the basis
for the development of new injury risk
criteria that use the load measured by the
FOCUS eye load cells to predict injury risk.

SUMMARY/CONCLUSIONS

The relative severity of both eye and facial
injuries is much greater for the military than
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Figure 3: Force-deflection curve of in-situ human eye
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The shaded region represents the

from blunt impact at 10 m/s.
represent each test.
corridor for typical force-deflection response.
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in the civilian population; however, these
injuries in both the civilian and military
sectors can be severely debilitating and pose
an enormous health cost. Due to a lack of
instrumentation, the prediction of eye and
facial injuries using anthropomorphic test
devices is not currently possible. The
current study presents biofidelity design
requirements for a new headform to
determine the risk of eye and facial injuries
from impacts. This technology will be
useful not only for the military to evaluate
protective equipment prior to deployment,
but also will be useful in the civilian
population for evaluation of various facial
impact scenarios, such as sports injuries and
automotive accidents.
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INTRODUCTION

Anterior cruciate ligament (ACL) injury has
been associated with progressive
development of knee osteoarthritis (Daniel
etal, 1994). The ACL plays arole in
controlling axial rotation in the knee in
addition to its primary function of limiting
anterior translation of the tibia relative to the
femur (Andersen et al, 1997; Wilson et al
2000). A recent study showed that rotational
changes at the knee will cause cartilage
thinning (Andriacchi et al, 2006). It is still
under debate whether or not the
reconstruction of the anterior cruciate
ligament (ACL-R) restores normal tibial
rotation. The purpose of this study is to
investigate the knee rotational laxity of
healthy subjects and those following ACL
injury and reconstruction.

METHODS

Both left and right knees from 6 subjects
with unilateral ACL-R knee (4 male and 2
female), 7 subjects with unilateral ACL-
deficient (ACL-D) knee (6 male and 1
female) and 19 healthy subjects (8 male and
11 female) were tested using an IRB
approved protocol. ACL-R and ACL-D
subjects at the time of test were 3 months to
2 years after surgery and after injury
respectively. Using an 11-camera motion
analysis system (MAC, Santa Rosa, Ca) and
a JR3 universal load cell, the internal and
external rotation of the knee and applied
internal and external torque were recorded
(Fig. 1) (Zheng et al, 2006). Motion data
were collected at 60 Hz and the torque data
were collected at 1200 Hz. Data from three

trials were collected from both legs during
internal and external rotation. The rotational
laxity of the knees was measured at 2 and 7
Nm torque. Total ranges of motion (ROM)
of the internal and external rotation at both 2
and 7 Nm were measured (Fig. 1).
Rotational stiffness between 2 and 7 Nm
was calculated for both the internal and
external rotation. The internal and external
rotational stiffness from 2 to 7 Nm and the
ROMs from internal 2 and 7 Nm to external
2 and 7 Nm were analyzed. A repeated
measure ANOVA (SPSS, Chicago, IL) was
used to test the differences between involved
and uninvolved knees of ACL-R and ACL-
D subjects, and between knees of ACL-R
and healthy subjects.
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Figure 1: Test Set Up and Variable Definitions
RESULTS AND DISCUSSION

Figure 2 shows the internal and external
rotation stiffness. The internal rotation
stiffness (Sint) Of the right knee was
significantly higher than that of the left knee
(p=0.014). There were significant
differences of rotational stiffness (Sj and
Sext) and ROM (A2 and A7) between males
and females (Table 1).
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Stiffness.

One subject was tested pre- and post-
surgery. The external rotation stiffness of
the involved knee was increased 52% post-
surgery while the internal rotation stiffness
was slightly decreased (8%). In the ACL-R
group, the external rotation stiffness of the
involved knee was significantly higher than
the healthy group (p=0.016). ROMs (A2 and
AT) in the ACL-R group were significantly
smaller than those in the healthy group.
With the knee flexed at 90 degrees, the
contribution of reconstructed ACL to
rotational stiffness may result from higher
tension of the graft.

No significant differences were found
between the ACL-D and healthy groups.
Significant differences of rotation stiffness
and ROM between left and right knees and
between male and female were found in the
healthy group. Due to the small sample size,
no conclusions can be reached regarding the
effect of the ACL-R on rotational laxity of

the knee. However, there was evidence that
the ACL-R group was different than the
healthy group. Because there were
significant differences between males and
females and between left and right knees, a
larger sample size will be needed in order to
study the influences of the ACL-R on
rotational laxity of the knee.

SUMMARY/CONCLUSIONS

Subjects in the ACL-R group had different
characteristics from the healthy group. Some
ACL-R subjects had significant higher
external rotation stiffness while the internal
rotation stiffness was not different. Gender
differences exist in the healthy group.
Subjects in the ACL-D group did not show
significant differences in the rotational
stiffness and ROM.
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Table 1: Ranges of motion and rotational stiffnesses (mean+ SD).

A2 (deg)** A7 (deg)** Sint(Nm/ deg)* Sext(Nm/ deg)**
F M F M F M F M
Left | 30+7.8 | 1746.5 | 67+12 | 42+12 | 0.3740.05 | 0.50+0.13 0.24+0.1 0.37+£0.10

Right | 29+9.6 | 1745.8 | 65+15 | 42+9 | 0.48+0.17f | 0.5740.081 | 0.224+0.06 | 0.31+0.06
ACL-D 30 19411 64 45421 0.36 0.52+0.15 0.25 0.37£0.13
ACL-R | 22415 | 9.843.8% | 55432 | 29+10% | 0.46+0.27 | 0.57£0.12 | 0.27+0.12 | 0.56+0.27%

t Significant differences between right and left (p=0.014), * and ** significant differences between male and female
(*p<0.05, **p<0.01), * significant differences between ACL-R and Healthy group (p<0.05).
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INTRODUCTION

One of the most widely cited papers in the
orthopaedic literature, used to argue for
fixation of lateral malleolus fractures to
avoid articular cartilage contact stress
elevations that contribute to degenerative
joint disease, is that by Ramsey and
Hamilton (1976), despite more recent
studies that have been unable to reproduce
their results (Vrahas ef al., 1994). Using a
cadaveric model, they investigated contact
stress between the tibia and talus, with the
talus located, then with varying amounts of
lateral talar shift. With increasing lateral
shift, they found that the contact area
medialized on the talus, and decreased in
size. Since they used carbon black to
indicate contact, they were unable to
document the magnitude of increase, and
inferred that contact stress increased because
the contact area decreased, since the applied
load remained the same. Using a contact
finite element (FE) formulation, we set out
to model the same system, and to document
the contact stress increases that occur.

METHODS

We used the frozen male dataset from the
NIH Visible Human® Project for our
patient-specific model. First, we extracted
the geometry of bone and articular cartilage
from the distal tibia and talus from the CT
scans and anatomic photographs,
respectively, by segmentation using the

Marching Squares algorithm in VTK
(Kitware, Inc., Clifton Park, NY). We then
interpolated these ordered sets of points by
non-uniform rational B-spline (NURBS)
curves, which were lofted, capped, and
converted to Parasolid models in Rhino
(Robert McNeel and Associates, Seattle,
WA). We meshed the models using Patran
(MSC Software, Santa Ana, CA) (Figure 1).

Figure 1. FE mesh of distal tibia and talus.

Previous FE work has shown that if one
is interested in contact stress analysis,
homogenous bone and cartilage material
properties produce acceptable results
(Donahue et al., 2002); consequently the
bone was modeled using a homogeneous
linearly elastic modulus of 20 GPa, and the
cartilage modeled with an elastic modulus of
15 MPa.

After convergence testing, the analyses
were performed using ABAQUS (ABAQUS
Inc., Pawtucket, RI) with contact assumed to
be nonlinear, finite sliding, frictionless
contact between one deformable body and



another deformable body. The boundary
conditions for the applied loads and
displacements were applied through a rigid
surface attached to the bottom of the talus.
We brought the tibia and talus into contact
using a resultant load of 687 N (70 kg),
representing a vertically directed load. We
then repeated the test with the talus shifted
laterally 5 mm, and determined the contact
areas, as well as the peak and overall contact
stress distributions.

RESULTS AND DISCUSSION

For the joint in neutral position, the FE
model required a vertical load of 687 N
(70 kg), with small loads (20 N (2.9 %) and
10 N (1.5%)) in the other two directions to
keep the talus from undergoing a rigid body
motion. (Percentages are of the resultant
load magnitude). For the laterally displaced
talus, much larger nonaxial loads were
required to prevent rigid body motion,
180 N (26 %) and 21 N (2.0 %). (The axial
load was decreased to 663 N to keep the
resultant load magnitude at 687 N). The
contact area on the talus decreased in size
and medialized with lateral talar shift, and
the peak contact stresses increased from
5.9 MPa to 9.1 MPa (Figure 2).

Figure 2. Stress distribution on the talar
contact surface showing in a located talus
(left) and a laterally shifted talus (right).

The model was able to reproduce the
trend found by Ramsey and Hamilton,
namely, that the talar contact area decreases,
and shifts medially with lateral talar

displacement. However, we may have
demonstrated why others have been unable
to verify the findings of Ramsey and
Hamilton (1976) despite being widely cited
in the clinical orthopaedic literature. The
only way we were able to achieve stable
contact between the isolated talus and the
tibia when the talus was shifted laterally,
was by strongly constraining the model,
which forced the talus into the tibia in one
position, and consequently generated a small
area of contact with high contact stresses. In
the work by Vrahas, ef al. (1994), they
simulated a fibular malunion in a cadaveric
model in which they allowed the talus to
shift position, and encountered no increase
in contact stress with lateral talar
displacement. Most likely by allowing the
talus to move, it can “settle” into a position
that distributes the contact stresses more
equally, something that could not happen in
Ramsey and Hamilton’s experimental set-

up.
SUMMARY/CONCLUSIONS

With most malreduced ankle fractures not
having a purely fixed deformity as in this
model, the degenerative changes that occur
clinically after a poorly reduced ankle
fracture may not necessarily be due solely to
elevations in normal contact stress, and
instead, may be due to shear forces or
instabilities that are not measured by this
experimental system.
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INTRODUCTION

With an increasing percentage of the
population reaching old age, researching
negative health consequences associated
with aging has become increasingly
important. Aging has many detrimental
consequences in skeletal muscle. Because
of resulting functional limitations, the bulk
of research attention focuses on the
progressive loss of muscle strength
accompanying aging. However, changes in
passive structures within muscle may also
have negative health effects.

It is known that during aging advanced
glycation endproducts result in cross-linking
of collagen fibers in tissues throughout the
body (Avery and Bailey, 2005). These
cross-links result in increased tissue
stiffness. Negative effects of this stiffening
have been seen in numerous tissues,
including cardiac muscle (Asif et al, 2000),
bone (Vashishth et al, 2001), and articular
cartilage (Verzijl et al, 2000). Cross-links
have also been shown to accumulate in the
skeletal muscle of aged rats (Gosselin et al,
1998). Potential negative effects of this
stiffening in muscle include decreased
ability to remodel and increased risk for

injury.

Magnetic Resonance Elastography (MRE) is
a novel imaging technique that allows
measurement of tissue shear modulus in
vivo (Muthupillai et al, 1995). In this
technique a small amplitude shear wave is
induced in a tissue. At the same time a
motion-sensitizing gradient synchronized to
the shear wave is applied. From this process

a phase shift can be measured using phase-
contrast MRI. The displacement at each
voxel can be directly calculated from this
phase shift and the shear wave can be
imaged as it moves through the tissue.

The purpose of the following study is to
examine muscle stiffness changes associated
with aging using MRE.

METHODS

20 female subjects were included in the
study with an age range of 50-70 years.
Scans were performed with the ankle in 20
degrees of plantarflexion. Vibration was
applied by a small bar tapper to the distal
end of the tibialis anterior muscle belly. The
tapper was oriented parallel to the long axis
of the leg and secured tightly in place with a
Velcro band.

Strain modulus was calculated at each voxel
by determining the phase gradient for a
small window around each point. The
magnitude of the shear modulus within the
muscle was calculated as the mean value for
each voxel within a central region of the
muscle. The standard deviation of the
moduli within this region was used as a
measure of tissue homogeneity.

RESULTS AND DISCUSSION

There was not a significant relationship
between age and shear modulus (Figure 1).
However, several older subjects (over 65)
had a much higher modulus than average.
On the other hand, there was a significant
relationship (p<.05) between age and the



standard deviation of the modulus (Figure
2). The R squared value for a linear fit to
the data was 0.53.
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Figure 2: Standard Deviation of Shear
Modulus vs. Age

The lack of a significant relationship
between age and shear modulus is likely
explained by the relatively narrow age range
studied as well as the fact the other factors,
such as physical activity, are likely to
contribute to crosslinking (Gosselin et al,
1998). Given this however, the relationship
between age and the standard deviation of
the shear modulus is relatively strong. A
less homogeneous muscle may be a result of
age related crosslinking.

Identifying individuals with high
concentrations of collagen crosslinking is
important considering the negative health

consequences and that potential treatments
exist. Exercise has been shown to
significantly reduce collagen crosslinking in
muscle (Gosselin et al, 1998). Though, the
effects may be site specific (Thomas et al,
2001). A novel pharmaceutical crosslink
breaker (Alt-711) is currently being tested
and shows promise in treating stiffening of
the cardiovascular system (Asif et al 2000)
and may be useful elsewhere.

SUMMARY/CONCLUSIONS

Though there was not a significant
relationship between age and shear modulus,
all subjects with high values were amongst
the oldest tested. The standard deviation of
the modulus did increase with age indicating
a less homogeneous tissue. More research is
needed to determine if the changes seen here
are reflective of increased tissue cross-
linking. MRE shows promise as a tool to
study development of cross-links or to
evaluate treatments.
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INTRODUCTION

Modeling and simulation appear to reveal
a plausible role of fusimotor command in
controlling equilibrium point (EP) of the
limb (Lan et al. 2005). In this study, we
use a comprehensive sensorimotor model
of the virtual arm (VA) (Song et al. 2006)
to evaluate the impact of biomechanical
properties on the EP control. The results
help to understand the constraining effect
of neuro-musculoskeletal properties of the
peripheral plant on EP control in
particular, and on motor control in general.

METHODS

A systems model of virtual arm in cascade
with spinal reflex circuits was used in this
simulation studies (Figure 1). The
equilibrium points of the planar shoulder
and elbow joints were steered by the
gamma static fusimotor commands to the
spindles of a pair of mono-articular
antagonistic muscles acting at each joint.
The virtual muscle (VM) implemented
here captured the most realistic properties
of mammalian muscle (Cheng et al. 2000).
The musculoskeletal structure also
incorporated realistic features of muscle
moment arms at shoulder and elbow joints
(Song et al. 2006). Spinal circuitry at the
output of motoneuron pools included la
stretch reflex, reciprocal inhibition, as well
as Renshaw cell recurrent inhibition.
Neural transmission delays and synaptic
delays were considered in the spinal
feedback loops. Reflex gains were selected

2 DOFs:
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Figure 1, (a) six-muscle, virtual arm model, and
(b) spinal reflex circuits that are implemented in
the systems model for simulation.

so that the closed-loop response was
stable.

RESULTS AND DISCUSSION
Simulation indicated that the choice of

architectural parameters of the virtual
muscles had a limiting effect on the range



of equilibrium angles that can be
modulated by the full range of gamma
fusimotor control, i.e. from 0 ~ 1. This
was mainly due to the fact that a low level
of muscle activation was used for postural
control under normal conditions. This
tended to have a length-tension property
combined with a moment arm profile
together that produced little or no active
force near the bounds of joint motion.
Thus, passive forces overtook the active
forces, and limited the effective EP range
that can be achieved.
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Figure 2, (a) the @,4—p relation at shoulder joint
when the elbow joint is fixed; (b) the 6.q—%
relation at the elbow joint when the shoulder joint
is fixed.

As shown in Figure 2, the range of
equilibrium angle achieved with full range
of y command was limited by the presence

of gravity influence and passive muscle
force (Figure 2, with open circles). With
gravity influence compensated at elbow
and passive muscle force removed from all
muscles, the range of equilibrium angle
achieved was expanded significantly at
both shoulder and elbow joints (Figure 2,
with open triangles and stars). We believe
that with proper tuning of muscle
architectural parameters, particularly
length-tension property, the range of
equilibrium angle can be further expanded.
However, these factors are realistic, and
will present an inevitable constraint to the
neural control of the brain.

CONCLUSION

This study illustrates the utility of realistic
models to understand the limits of spinal
sensorimotor control. Results suggest that,
in order to overcome these biomechanical
nonlinear constraints, an adaptive scheme
for reflex gain control by supraspinal
centers may be necessary in order to
achieve a full range of EP control.
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INTRODUCTION

People are capable of producing changes in
grip and postural support forces in one hand
to anticipate load perturbations that are self-
generated by the other hand (Dufosse et al.,
1985; Blakemore et al., 1998; Diedrichsen et
al., 2003). We investigated whether humans
could produce similar anticipatory actions in
the lower limbs in response to perturbations
triggered by a hand. In addition to testing
upper/lower limb task coordination, we
replicated bimanual results from the
literature to gauge the upper limb effect with
our protocol. For both the upper and lower
limbs, we compared disturbance rejection
when the perturbations were self-triggered,
randomly automated, or predictably
automated with visual and auditory stimuli.

METHODS

Healthy subjects (n = 12) were presented
with a simple motor task: to minimize the
motion of their hand or feet when exposed to
a large and sudden change in load. We used
a custom apparatus capable of presenting
programmable loads to a subject through a
motorized platform. For each trial, subjects
were asked to oppose a load and attempt to
maintain a stationary position while the load
was rapidly removed according to the time-
function: W -e" (1+10¢), where W was 14
N at the hand or 20 Nm about the ankles.

The experiment included three conditions
for unloading: a) after an unpredictable
delay (Uncued), b) upon a computer-
initiated trigger accompanied by predictable
audio-visual cues (Computer-Cued), and

c) upon a subject-initiated trigger through a
handheld pushbutton (Self-Triggered). In
addition to regular trials, we included catch
trials where the load was surreptitiously
held upon triggering. Subjects completed
one series of testing using a hand to oppose
the load and a second series of testing using
both feet to oppose the load.

Acceleration following unloading was used
as a measure of performance, where small
acceleration magnitude indicated better
compensation for the load release. We used
peak acceleration in the first 200 ms
following triggering as a performance
metric. We used ANOVAs to test for
significant differences between conditions.

RESULTS

In both hand and feet disturbance rejection
tests, subjects were able to compensate for
the unloading better when it was self-
triggered than when it was triggered by
computer. The general response showed
similar characteristics for both sets of tests
(hand and feet). When computer-triggered,
subjects were able to compensate better
when a timing cue was presented. The mean
acceleration waveforms were smallest for
Self-Triggered, intermediate for Computer-
Cued, and largest for Uncued (Figure 1).

Post hoc analyses of variance with multiple
comparison procedures indicate significant
differences in the peak acceleration. When
compared to the Uncued condition in the
upper limb tests, the Computer-Cued and
Self-Triggered conditions produced smaller
peak accelerations by 6.7% and 24.2%,
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Figure 1: Average acceleration patterns for lower limb
tests of all subjects showed larger magnitudes for
Uncued (grey) and Computer-Cued (green) standard
trials than for Self-Triggered (blue). Self-Triggered
catch trials (blue) generally had larger magnitudes than
Computer-Cued catch trials (green). The shaded regions
indicate 95% confidence intervals. These results were
consistent with those from the upper limb analysis.

respectively (p <0.001). Likewise, for the
lower limb tests, Computer-Cued was 5.3%
smaller (p = 0.0031) and Self-Triggered was
16.3% smaller (p < 0.001) than the Uncued.
The peak accelerations for both Self-
Triggered conditions were also significantly
smaller than their respective Computer-Cued
conditions (p < 0.001).

Subjects exhibited more active
compensation for the expected but missing
load release during the catch trials for the
Self-Triggered condition than for the catch
trials for the Computer-Cued condition.
Although acceleration for some trials
remained flat, indicating no active
compensation, the acceleration profile for
many catch trials resembled the inversion of
that produced in standard trials. Mean
acceleration waveforms depicted in Figure 1
were intermediate between flat and large
inversion profiles.

Peak acceleration magnitudes in the Self-
Triggered catch conditions were larger than
peak accelerations in the Computer-Cued
catch conditions for both hand and feet (p <
0.001).

DISCUSSION

Our results indicate that subjects develop
anticipatory adjustments in the lower limbs
based on upper limb dynamics. The effects
observed were similar in character and
magnitude as those demonstrated from
bimanual unloading tasks performed on the
same apparatus. Given that lower limb
neuromuscular commands incorporate
predictions of interaction forces from the
upper limbs, we suggest that upper limb
guided lower limb motion may be a
productive means of neurological
rehabilitation (Danek et al., 2005), similar to
what has been suggested for bimanual
guidance (Lum et al., 2002). In contrast,
interaction forces from external agents (i.e.
robots or therapists) can not be anticipated
or incorporated into lower limb
neuromuscular control during therapy in the
same manner demonstrated here by upper
limb interaction forces.
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INTRODUCTION

Because pathological conditions can affect
gait [1-4], understanding the fundamental
tasks of the lower limbs in able-bodied
subjects can guide clinicians in refining their
clinical evaluation or rehabilitation
treatment. This gait study was undertaken to
determine whether the main actions taken by
the ankle, knee and hip extensors/flexors and
overal lower limb muscle activity during
able-bodied gait appear to be symmetrical or
not.

METHODS

Sixty gait trials were obtained from 20
healthy male subjects having an average age
of 25.3 4.1 years, height of 1.77+0.06 m
and average mass was 80.6 £13.8 kg. The
model and the procedure have been explained
in detail elsewhere[5]. Bilateral gait data
were collected with an eight video-based
camera system (90 Hz) synchronized to two
AMTI force plates (360 Hz). Direct Linear
Transformation software from the Motion
Analysis Expert Vision system was used to
reconstruct the image markers into three-
dimensional coordinates. A fourth order
zero-phase lag Butterworth low-pass filter
was applied to reduce the noise in the video
data. The cut-off frequency was 6 Hz for the
body segments and 30 Hz for the force data.
For averaging purposes, moments were
normalized with respect to body mass. Joint
moments were expressed according to the
convention proposed by the International
Society of Biomechanics and included in
Winter [6], where the extensor and
plantarflexor moments are considered

positive. Kinematic and force plate data
were used in an inverse dynamic approach to
calculate the net sagittal muscle moments at
the hip, knee and ankle of the lower limbs
during the stance phase. Student’ st-test for
paired data with a p<0.05 threshold was
performed on the right and left limb peak
muscle moments as a primary evaluation of
limb symmetry. PCA was applied to identify
the main structure of the data throughout the
variation in the data. To determine what
each PC measures, the muscle moment
having the highest correlation within each
PC (called the factor loading) was used. In
thisinstance, afactor loading higher than
0.70 was used for further biomechanical
interpretation [7]. We proposed that the role
of the muscles could be identified using
PCA. We presumed that gait symmetry
between two corresponding lower limb
joints could be quantified by means of the
PC curves derived from each joint or from
each of the lower limbs described the same
portion of the stance phase.

RESULTS AND DISCUSSION

The objective of thisbilatera gait study was
to determine whether the role of the sagittal
plane joint moments taken appears to be
symmetrical or not.

The average sagittal muscle moment curves
and their standard deviation developed at the
right and left ankles, knees and hips during
the stance phase are presented in Table 1

and Fig 1. Muscle moment curves reported
in this study were in close agreement in
shape and magnitude with previously
published findings[1,8,9].



Table 1: Peak muscle moments and standard deviation
(SD) values calculated at the ankles, knees and hips for 20
healthy young male subjects (* p < 0.05)

Right Left
Mean SD Mean SD
Al -015 0.09 -0.12 0.02

Joint  Peak

Ankle 5 153 030 146 010
KL 027 017 028 010
K2 -040* 025 -026% 0.5
Knee 3 026 024 036 022
K4 -031* 014 -020% 013
hip HL 088 03¢ 083 035

H2 077 032  0.40* 0.24

< yig Cw=105

Cve6= 164

. Cvh=34

Right lower limb (stance phase) Left lower limb (stance phase)

Figure 1: Average sagittal muscle moment curves and standard
deviation (1SD) developed at the ankle, knee and hip joints during
the stance phase of 20 able-bodied young male subjects

The two first representative curves (PC1 and
PC2) accounted for the largest and an amost
equal proportion of the observed variables
variance for the right (93%) and left (93%)
limbsin the sagittal plane. In both PC1 and
PC2, the significant loading factor values
were similarly distributed over 20 to 40%
and 5 to 20% of the gait cycles. These
results might explain in part the idea of gait
symmetry (global — Fig 3), while
discrepancies were noted for group of
muscles acting at each two corresponding
joints (local —Fig 2). It seemsthat
compensatory mechanisms might be the best
explanation to describe global gait symmetry
while different actions are taken by the
joints.

Table 2: The variance extracted by each PC from the right
and left lower limb muscle moment data

% Right lower limb % Left lower limb

Joint PC1 PC2 TEV PC1 PC2 TEV
Ankle 51 21 72 40 20 60
Knee 80 11 91 73 12 85

Hip 73 15 88 82 6 88
Lower

limb 64 29 93 63 30 93

Factor loading
Factor loading

So P
08 Aakle— 77N A\

PC2 PC2
h ) 20 0 £ 50 6 ) 20 30 40 E) )
Left lower limb (GC%)

Right lower limb (GC%)

Figure 2: Thefirst two PCs extracted from muscle moment curves
calculated at the right and left ankles, knees and hips
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Figure 3: Thefirst two PCs for the muscle moments developed at
the lower limb during the stance phase of 20 healthy young male
subjects

CONCLUSIONS

Local asymmetry in the gait of people
without impairment is suggested, based on
different functional tasks between the right
and left hips, knees and ankles to control
balance, between limb coordination and
propulsion functions. The lower limbs, on
the other hand, appeared to behave
symmetrically when the total behavior of the
limbsis considered. Compensation is
recognized as an explanation for the
existence of local asymmetry.
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INTRODUCTION

In routine clinical gait assessment, the foot
segment is often defined as a line segment
between a marker on the forefoot and a
marker on the heel. Such a 2 D model allows
the calculation of dorsi- and plantarflexion
movement at the ankle but does not account
for movements in the subtalar joint, i.e.
inversion and eversion. Consensus exists
that for the description of the gait pattern in
terms of kinematics and kinetics, a 2D ankle
model suffices, especially if no gross foot
deformities are present.

Based on the measured kinematics and
kinetics, the muscle force contribution
underlying the observed gait pattern can be
calculated using dynamic simulations of
gait, using either an inverse or forward
approach. The current work focuses on the
guestion whether exclusion of a subtalar
joint significantly alters the muscle force
production in the muscles crossing the ankle
joint, calculated using an inverse dynamics
analysis.

METHODS

Gait kinematics were measured at 250 Hz in
10 adult control subjects, walking at their
self-selected walking speed (1.2 £0.1 m/s)
using Vicon system (Oxford Metrics). A
modified Cleveland marker placement
protocol was used. At the foot, the marker
placement protocol was extended to four

markers attached to the calcaneus and three
markers attached to the forefoot. Ground
reaction forces were measured
simultaneously using an AMTI force plate.

Kinematics are calculated through an
inverse kinematics procedure (SIMM,
Motion Analysis Corp) based on a scaled
musculoskeletal model, matching the
subject’s weight and height. Two distinct
models were used: The first one (16 DOF)
represented the foot as a line segment
between the marker on the forefoot and heel.
The second model (18 DOF) incorporated
the subtalar joint as defined by Inman. In
this model, ankle and subtalar kinematics
were calculated using the postition of the
four markers on the calcaneus and three
markers on the forefoot.

For both models, joint moments were
calculated for the generalized coordinates in
each of the models using SIMM dynamics
pipeline.

In a second analysis, muscle force
distribution was calculated during stance
phase of gait (Matlab). An optimization
problem was solved to calculate the muscle
moments and hence muscle forces that
constitute the external joint moments while
minimizing the overall muscle activity.
Input were the moment arms and maximal
force generating capacity of 43 muscles,
given the kinematics of the generalized
coordinates during stance. Additional
constraints were imposed to the solver to



constrain the rate of muscle activation raise
and decay within physiological limits and
limit the level of maximal activation.

This analysis was repeated for the
kinematics and kinetics calculated using the
model with a 2D ankle, as well as the model
incorporating the subtalar joint axis. To
account for the anatomical variation of the
subjects in the study population, the muscle
force was expressed as a fraction of body
weight (Force/BW). Muscle force

production profiles were compared with
reference data on muscle activation. The
differences in the forces of the muscles
crossing the ankle joint were compared
statistically using a Wilcoxon Signed Rank
test.

RESULTS

We found no significant differences in
maximal dorsiflexion angle and maximal
plantarflexor moment in stance, using both
models. The 2D ankle model significantly
overestimates maximal plantarflexor power
generation (2D:1.53 - 3D:1.39; p<0.05), but
underestimates maximal plantarflexor power
absorption (2D:-0.34 - 3D:-0.55; p<0.01).

Figurel presents the average difference in
maximal muscle force production of 12
muscles crossing the ankle, using both
models.

0.4
2D Ankle model

The 2D ankle model significantly under-
estimates the muscle force production in M.
peroneus longus, brevis and tertius, M.
tibialis posterior and M. soleus. M. peroneus
longus shows the largest difference in
maximal force production up to 0.4 BW. M.
tibialis posterior and M. Peroneus Brevis
differ up to 0.1 BW. Although similar in
magnitude, the overestimation of muscle
force production for M. tibialis anterior
using a 2D model, is not significant. The
differences in maximal muscle forces for M.
gastrocnemius medialis and lateralis are
smaller than 0.1 BW and not statistically
significant.

DISCUSSION AND CONLUSION

Estimation of individual muscle force
production during gait is crucial in several
applications, especially in evaluating the
effectiveness of therapeutic interventions.
We show that the calculated maximal force
production in muscles that provide medio-
lateral control of the foot position is
significantly under- or overestimated when a
2D ankle model is used. Measurement and
modelling of subtalar joint kinematics are
crucial for reliable muscle force estimates
during gait.
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INTRODUCTION

The mechanics and stiffness characteristics
of the body during running are often
described by mass-spring (MS) models
(Farley & Gonzalez, 1996) or mass-spring-
damper (MSD) models (Derrick et al., 2000;
Nigg & Liu, 1999). Using models to
generate ground reaction forces (GRF) could
be beneficial when no force measurement is
possible. While MS models can replicate
the active mid-stance vertical GRF peak
(Morin et al., 2005), MSD models can also
produce the passive impact peak present in
heel-toe running (Derrick et al., 2000). The
feasibility of using an MSD model to predict
GRF in the absence of a force platform
depends on how well MSD parameters can
be predicted from simple measurements that
can be made outside the laboratory. Our
purpose was to investigate the ability of an
MSD model to produce model GRF
(MGRF) that replicate experimental GRF
(EGRF) without using a force platform.
MSD parameters were predicted by
correlating kinematic and anthropometric
measurements with optimized parameters.

METHODS

EGRF were collected for ten healthy young
subjects running over a force platform at
their preferred pace for seven trials each.
Joint kinematics were computed from
reflective markers on the dominant leg.
Each subject’s kinematics and EGRF were
averaged across trials. MGRF were
generated with a MATLAB-based MSD
model (Derrick et al., 2000; Fig. 1). The

lower mass M, represents the effective mass
of the body accelerated at impact. The
upper mass M is the remainder of the
body’s mass.

M,
M,
K

2 bl
SN

Energy return
Figure 1. The MSD model used to generate GRF.

For each subject, stiffness parameters (K
and K>) and the initial lower mass height
(P,) were optimized using a genetic
algorithm to minimize the mean square error
and timing errors between MGRF and
EGRF. Optimal MSD parameters were then
correlated by multiple linear regression with
eight anthropometric and kinematic
measures: sex, height, weight, leg length,
thigh length, running speed, knee flexion
angle at heel-strike, and knee flexion range
of motion (ROM) during stance. GRF
generated by parameters predicted by
regression (RGRF) were compared to EGRF
and MGRF.

RESULTS & DISCUSSION

The damping coefficient C, energy return,
effective mass, and error between MGRF



and EGRF were comparable to previous
MSD models (Derrick et al., 2000). Linear
regression predicted strong correlations for
K\, K2, and P> (R* = 0.99, 0.95, and 0.99,
respectively) between optimal MSD
parameters and the anthropometric and
kinematic measures. Table 1 shows the
average parameters from optimization and
regression. Height, weight, and knee flexion
ROM were the most sensitive regression
parameters. Leg length was a sensitive
parameter for P,. MGRF and RGRF profiles
were nearly identical for all subjects. Figure
2 shows EGRF, MGRF, and RGRF profiles
for a representative subject.

Table 1. Optimal and regressed MSD parameters.

K,(Nm) K,(N/m) P, (mm)

Optimization 14557 104565 8.45
Regression 14556 104612 8.46
2000
1500 1

Vertical GRF (N)

—— EGRF
500
— MGRF
A RGRF
0 1 T
0 20 40 60 80 100
Stance (%)

Figure 2. EGRF, MGRF, and RGRF curves.

Results indicate that the MSD model with
parameters predicted by regression can
accurately represent experimental GRF
without kinetic measures. Previous research
that modeled GRF without kinetic data
depended on stance time, which is difficult
to measure without a force platform or
motion capture system (Morin et al., 2005).
The MSD model with parameters estimated
by regression can generate relatively

accurate GRF using lower extremity
anthropometrics and sagittal knee
kinematics, quantities easily measured by
anthropometry and electrogoniometry.

The MSD model had difficulty matching the
GREF profile near heel-strike and toe-off
(Fig. 2) and typically provided a better fit
between EGRF and MGRF for the mid-
stance peak (average error of 3%) compared
to the impact peak (average error of 10%).
Model performance can be improved by
using a cost function that emphasizes peak
magnitudes, or by including wobbling
masses (Nigg & Liu, 1999).

SUMMARY & CONCLUSIONS

Vertical GRF during running were
determined using a mass-spring-damper
(MSD) model. By optimizing the MSD
parameters, the model could generate GRF
that closely matched experimental data.
Model parameters were strongly correlated
with data that are easy to measure without
force platforms or motion capture systems.
Therefore model parameters could be
estimated from regression and used to
determine vertical GRF outside a laboratory
setting. The next step, predicting the
anterior-posterior GRF by a Fourier series
model, has shown promising early results.
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INTRODUCTION

Hip abductor weakness is a typical
limitation in patients with osteoarthrosis
(Jandric, 1997, Sims et al., 2002) but is also
reported in healthy elderly people (Johnson
et al., 2004). The activity of the muscles that
span the hip joint affects the hip contact
forces. Muscular forces and hence joint
loading can be calculated with
musculoskeletal models and inverse
dynamic analyses (Heller et al., 2001;
Pedersen et al., 1997; Stansfield and Nicol,
2002). The aim of the present study is to
explore the relation between hip muscle
weakness, evaluated through dynamometry,
and the calculated hip contact forces during
gait. We hypothesize that more pronounced
muscle weakness results in less physiologic
loading of the hip joint.

METHODS

Ten patients (mean age 62.6 + 9.6 yr) with
primary osteoarthritis of the hip were
included in the study. Clinical gait analysis
was performed prior to total hip replacement
surgery. Kinematic and kinetic data were
collected during gait using an integrated 3D
movement analysis system (Vicon, Oxford
Metrics). All patients performed a maximal
voluntary contraction (MVC), during which
the peak force generated during hip flexion,
hip extension and hip abduction was
measured with a hand-held dynamometer
(MicroFET, Biometrics, NL) in a
standardized upright position. For each
patient, a musculoskeletal model was

created by scaling a standardized model
(Simm, Motion Analysis corp.) based on the
marker positions during a static pose.
Maximal force generating capacity of the
muscles was not scaled to represent muscle
weakness. These models were used to
calculate (1) joint moments (2) individual
muscle force generating capacity and (3)
muscle moment arms over the gait cycle.
Muscle activation patterns balancing the
external joint moments were computed using
a static optimization algorithm, minimizing
the sum of the muscle activation (Matlab,
MathWorks Inc.). The 3D hip contact forces
were computed taking into account the
muscle forces resulting from the muscle
activation patterns, as well as external forces
(the ground reaction forces — inertial forces
and gravity). The maximal hip contact forces
and the associated inclination angles are
reported.

RESULTS

In the studied population, a high correlation
(0.72) was found between the peak MVC
values for hip abduction en and hip
extension. Decreased MVC values are
indicative for more pronounced muscle
weakness. There was no clear relation
between peak MVC values and walking
velocity.

The total peak contact forces are within the
range reported in literature (Heller et al.,
2001; Stansfield et al., 2002). Weakness of
the hip extensor muscles is associated with a
decrease of the vertical contact force
component and an increase of the posterior-



anterior contact force component at the
moment of peak loading. Weakness of the
hip abductor muscles increases the anterior-
posterior and medio-lateral force
component, but does not affect the vertical
component. These tendencies are confirmed
in the changes in inclination angles of the
total contact force vector (fig. 1). There was
no clear relation between the peak MVC
values of the hip flexors and the 3D hip
contact forces.

DISCUSSION

We demonstrated a relation between
weakness of hip extensors and abductors and
hip contact forces, dictated by alterations in
the gait pattern. The components of the hip
contact forces and hence the inclination
angles of the total contact force are affected:
The angles in the sagittal and especially
transverse plane increase, resulting in a less
physiologic loading condition of the hip
joint. Further research will aim to extend the
study population, in order to establish
stronger relations between muscular force
and hip contact forces during gait.
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SUMMARY/CONCLUSIONS

Hip extensor and abductor weakness in
patients with osteoarthrosis, tend to increase
the anterior-posterior and medio-lateral
contact force component, resulting in a
reduced vertical loading condition of the hip
joint.
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Figure 1: Peak hip contact forces and associated inclination angles during gait, as a function of
peak MVC of hip abduction (left pane) and hip extension (right pane).
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INTRODUCTION laboratories or companies. The main goal is to
know what happened inside implant about in-vivo
Sj he beainni ¢ thi he mi load measurements, temperature distribution or
Ilncet € r?g"_‘”"l‘g Oht ISI new century, the MiCrO¢, mation during the performed surgeries. Most
ehectcrlomecr?m(?h'tec nlo ogy 1S mor.el present iy them use telemetry technology to transmit their
the day - lite. This evolution Is mainly met In 4,:4q615 in order to process the computation, and,
medical surgeries like cardiac or abdominal. Theythe provided energy is transmitted by induction

solve some medical deficiencies, and most of the"&oils between the implant and extern devices
are powered by chemical batteries like Lithium IonHowever none of them is self alimented by micro.
batteries [1], which have to be recharged ormechanis’m or batteries

replaced during a revision surgery.
METHODSAND SOLUTIONS

SPINAL JOINT
The instrumented spinal devices are present in two
Figurel: Theken Figure 2 : Spinal versions. The first, defined by [2], presents an
eDisc Device artificial spinal disc, which incorporates a

microelectronic device (Figure 1). The information

The main goal of the orthopaedic surgery is togathered from the eDisc empowers surgeons to
contribute to the restoration of articular defi@gn better manage their patient's post-operative course
with total or unit compartmental orthopaedic The second device [3] presents an internal spinal
implant. However, the morphological patient fixation, using semiconductor strain gauges in
dataset is not the same during and after the surgerorder to control and measure three force
As the patient is under the influence of generakomponents, three moments and the implant
anaesthesia, the surgery procedure increases thgmperature.

risk of loosening of prosthesis due to theyp joINT

nonfqptlmal position of the implant _The For this joint, the principal idea is still to déep a
traditional solution is to carry out a new revision device around the temperature measure and the
surgery in order to replace bad prosthesis. Otherﬁ)rce measurements between the cup and the
personal characteristics are likely to disturb thefemoral head [4 - 5] (Figure 3)

prosthesis’s life like patient’'s age, walk, daye]if '
the tibial plateau erosion, etc. These constraints
modify the conditions of the patients and also
increase the difficulty of the surgeon’s work. The
implants present challenges to their designers and
manufacturer in term of high level of safety and
reliability. Such orthopaedic implant has to be
active and not passive to give some information
about risks.

Figure 3: Hip implant

The aim of our study is to stand a brief KNEE JOINT N _
comparative review of various developments ofThe knee is the joint, where the trend is more
new trends in orthopedic implants, developed bypresent than the other joints. In addition, theaTot



Knee Arthroplasty (TKA) needs to improve the 5.Davy et al.,J Bone Joint Surgery0, 45 — 50,
ligament balancing to intraoperatively procedure. 1988

The first used approach consists in a distractior.MarmignonPhd thesis115 p, 2004

device or a model, which helps the surgeons t@.Crottet,|[EEE TBE52, 109 — 1611, 2005
release the ligament [6]. The second solution is &.Morris,J Bone Joint Surger§3, 62 — 66, 2001
device with two piezoelectric blades [7], one for

each condyle, to improve the ligament balancing

(Figure 4).

Figure 4: Device sensitive plate

Also, joint implant is evaluated. In addition,
several studies incorporated sensors to measure
joint forces and environmental conditions [8]. In
vivo measurements are taken during walking or
stair climbing (Figure 5)

¥

Figure 5 : Instrumented Tibial tray

CONCLUSIONS

All devices proposed here allow to the
improvement of the implant technology. Their
main goal is to define the force distribution ireth
implant and also improving their future designs.
However, they are Ilimited by their power
autonomy, because they need to be supplied by
external energy from large equipment (such
induction process). To optimally this trends and
give total free, it could be interesting to stutie t
self powered and other localized failuress.
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INTRODUCTION

Finite element analysis is an invaluable tool
in the field of musculoskeletal biomechanics
because it allows for a detailed investigation
of normal and pathological conditions of a
variety of anatomical structures. Once
validated, a finite element (FE) model can
be used to explore conditions that might not
otherwise be feasible in an experimental
setting.

Due to the complexity of the bony structures
of the human body, it is difficult and time
consuming to create a FE mesh of high
quality. In the case of orthopaedic
biomechanics, it is common to create a
single model based on an “‘average’
geometry. However, a potential limitation
of this method is that the results for one
subject may not necessarily apply to the
general population.

The spine is a very complex component of
the skeletal system. A number of spine FE
models exist in the literature (Fagan 2002);
however, most use simplified or idealized
geometry. Those which incorporate a more
realistic geometry often are comprised of
tetrahedral elements or a mixture of
hexahedral and tetrahedral elements.
Hexahedral elements are generally accepted
as being preferable for 3D nonlinear strain
calculations (Bowden 2006).

We propose an automated hexahedral
meshing technique for the spine. The
method addresses many of the previously
reported difficulties with regard to spine FE

modeling. A bounding box technique is
used, with a special emphasis on the
attachment of the posterior region to the
vertebral body. The method has been
applied to both the cervical and lumbar
levels, and helps pave the way for patient-
specific spine FE modeling.

METHODS

CT scans were acquired of a cadaveric
specimen. The C5 vertebra was segmented
and an STL was created (Figure 1A). The
solid meshing process consists of two
stages; meshing the vertebral body, and
meshing the posterior elements directly from
the vertebral body mesh.

Using ParaView (www.paraview.org), the
vertebral STL surface definition was
initially clipped so that the posterior region
was removed. The resulting vertebral body
was meshed using the technique shown in
Figure 1B. The mesh was initiated by
manually tracing the bounds of the superior
and inferior vertebral endplate periphery, in
addition to the nucleus. A butterfly
bounding box (BB) pattern was then
automatically generated and applied to
subdivide the vertebral body as illustrated.

The posterior region was meshed by creating
a system of bounding boxes which surround
the posterior surface (Figure 1C). At the
junction between the vertebral body and the
posterior region (pedicle), the BB’s were
defined directly from the nodes of the
predefined vertebral body mesh, which later



provided a mutual platform for the body and
posterior meshes to be merged (Figure 2A).

After the BB’s were created, mesh seeds
were automatically assigned to each box
based on a specified average element length.
The seeding for the boxes at the pedicle was
governed by the mesh seeding on the
corresponding vertebral body mesh. Finally,
the posterior element mesh was created and
automatically attached to the vertebral body
mesh at the pedicle.

Figure 1: A) C5 STL surface. B) Vertebral
body mesh. C) BB’s for C5.

RESULTS AND DISCUSSION

The final C5 mesh is shown in Figure 2B,
with a 50N compressive load applied to the
superior body surface. The meshing
technique was also applied to the lumbar
spine (L5, Figure 2C). Once the bounding
boxes have been created, the entire meshing
process takes only a few minutes. After the
BB’s have been created for one spinal level,
only slight modifications are needed for
meshing adjacent levels.

SUMMARY/CONCLUSIONS

This method brings a novel approach to
subject-specific spine modeling through the
merging of the vertebral body and posterior
region meshes using the BB methods
described above. The automated techniques

dramatically decrease the amount of time
required to mesh the spine as compared to
previous methods, while maintaining the
geometrical complexities inherent to the
spine. Further work will include the
automated creation of the intervertebral disc
between spinal levels, and model validation
through biomechanical testing.

Figure 2: A) Posterior BB attachment to
vertebral body mesh (other BB’s removed).
B) C5 mesh with 50 N compressive load
applied to the body. C) L5 final mesh.
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INTRODUCTION

Cyclic compression of articular cartilage has
been shown to modul ate metabolism and
turnover of proteoglycan (PG) and collagen
in a complex and multifactorial manner.
More recent studies in our lab showed that
physiologically moderate in vitro exercise
plays a positiverole in articular cartilage
response to injurious compression (Wei et
al. 2006). However, in vitro studies by
Thibault et al. (2002) have shown an
increase of cell death and matrix damage
due to the cyclic loading of cartilage
explants. Furthermore, strenuous exercise of
cartilage has shown a significant modulus
decrease of 13-14% and areduction of PG
content (Helminen et al. 1992).

Osteoarthritis (OA) is a manifestation of an
imbalanced synthesis of articular cartilage
matrix and the associated growth factors.
The use of potentially chondro-protective
agents such as glucosamine (glcN) and
chondroitin sulfate (CS) has been explored
to treat OA. The mixture of glcN and CS has
been observed to function as biological
response modifiers (BRMs), which may
boost natural protective responses of tissue
under adverse environmental conditions
(Lippiello 2003). Since both glcN and CS
have minimal effects on normal cartilage in
vivo, we hypothesized that stressed cells
under exercise in the presence of high doses
of glcN and CS might be more responsive
and enhance the protective metabolic
response of chondrocytes to injurious blunt
impact loading.

METHODS

A biopsy punch was used to make 54 6mm
diameter chondral explants from the lower
metacarpal surface of bovine forelegs. All
specimens were randomly assigned to three
groups: 7, 14 and 21 days of exercise with
(n=6) and without (n=6) glcN and
corresponding controls (n=6). All explants
were placed in DMEM: F12 medium inside
of a humidity-controlled incubator. Six
explants in each of the 3 groups were treated
with 500 mg/ml glcN and 250 ng/ml CSin
the medium. Prior to and after exercise
loading, each explant was subjected to an
indentation stress relaxation test. The
relaxation data were analyzed using afibril-
reinforced biphasic model (Soulhat et a.
1999) to determine values of matrix
modulus, fiber modulus and hydraulic
permeability. Intermittently applied uniaxial
exercise loading was introduced by using a
sinusoidal 0.5MPa-0.2Hz waveform for 10
cycles once per hour. After exercise, dll
explants were exposed to an unconfined
compression of 25MPain 1 sec to peak
between two highly polished stainless steel
plates. For matrix damage analysis, the
surfaces of all impacted explants were wiped
with Indiaink and photographed to
determine the total length of surface
fissures. Two-way repeated measures
ANOVA and Student-T tests were
performed to determine differences from
control and within exercise groups.
Statistical significance was indicated for p <
0.05.



RESULTS AND DISCUSSION

Previous studies in our lab showed that up to
21 days of exercise all cellsremained aive
before injurious compression. The matrix
modulus of explants exercised with gIcN
and CS stayed in ahigh level in al 3 groups,
while after 21 days exercise without glcN
and CS decreased the matrix modulus by
about 50% (Figure 1). Both exercise with
and without glcN and CS decreased the fiber
modulus about 60%. There was no
significant difference between exercise with
and without glcN and CS (Figure 2). Up to
14 days exercise without glcN and CS
significantly decreased the explant
permeability, while after 21 days the
permeability increased dramatically.
However, with glcN and CS in the media
exercise decreased the permeability
significantly in al 3 groups (Figure 3).
Exercise without glcN and CS significantly
decreased the explant surface fissure length
after 7 days, while after 21 days the fissure
length increased to about 130% of control.
However, when exercised with glcN and CS
a significant decrease of fissure length from
control was observed in al three groups
(Figure 4).
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Figure 1-4. Statistically significant differences

were observed: * from control, and * from
exercise.

SUMMARY/CONCLUSIONS

The mechanical response of cartilage to
glcN and CS under ssimulated conditions of
in vivo exercise was significantly greater
than that seen without supplementation. By
enhancing the protective response of
cartilage to impact loading, glcN and CS
may help to reduce the susceptibility of
cartilage to mechanical injury in the normal
population during sports, recreation and
exercise.
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INTRODUCTION

The second metatarsal (2nd Met) is a
common site for stress fracture among
athletes and military recruits. Although the
exact cause of stress fractures remains
unclear, it is believed to result from
repetitive, cyclical loading. Understanding
the loading environment at the 2" Met may
help to elucidate the etiology and aid in the
prevention of stress fractures at this site.

In locomotion, peak longitudinal bone strain
at the 2™ Met occurs during late stance, and
tends to coincide with peak Achilles tendon
force (Donahue et al., 2000). During this
phase, the stresses acting along the principal
material axes (Figure 1) of the 2" Met are
important, because models of stress fracture
damage, repair and adaptation are based on
stresses occurring in these directions (Taylor
et al., 2004).

The purpose of this study was to: (a)
quantify the stresses acting along the
principal material axes of the 2" Met during
the stance phase of gait, (b) and determine
the relationship between longitudinal stress
and Achilles tendon force.

METHODS

Four fresh cadaver foot specimens were
utilized for this study. A stacked rosette
strain gage was mounted to the dorsal
surface of the 2" Met, and an intra-
medullary rod was used to connect the tibia
to a dynamic gait simulator.

The dynamic gait simulator is capable of
simulating the stance phase of walking in
approximately 1.0 sec and can replicate
human ground reaction forces. Eight
extrinsic muscles
crossing the ankle
joint are connected to
load cells in series P
with motors to 3
simulate muscle i
activity. “u

longitudinal

transverse

Each cadaver foot was

outfitted with a
sandal, and . Figure 1: Principal
walked multiple material axes (trans-

trials across a
force platform.
Ground reaction
force, bone strain, and muscle force data
were collected concurrently at 1200 Hz. The
data were exported to Matlab 7.0.4., and
smoothed using a low-pass Butterworth
filter with a cutoff frequency of 30 Hz. An
anisotropic stress analysis of the strain
rosette information during the stance phase
of gait was then performed in accordance
with Carter (1978). The principal strains and
axes of orientation were calculated and
rotated into the principal material directions.
The stresses in the principal material
directions were then calculated using
material constants provided by Reilly and
Burstein (1975).

long) and rosette axes
(X-y).

The mean and standard deviation for peak
longitudinal stress (Giong), transverse stress
(owan), and shear stress (t) were calculated



for each specimen. To determine the
relationship between oi,ng and Achilles
tendon force (F,) during stance, a cross-
correlation at zero-lag was used. The mean
correlation for all trials was calculated by
converting the correlations to z-scores,
calculating the average, and converting back
to the correlation scale.

RESULTS AND DISCUSSION

A substantial amount of compressive Giong
was observed during the later portions of
stance, while the 64, and T appeared to be
negligible in comparison (Figure 2). The
mean peak ojong for each specimen ranged
between 11.18 MPa and 30.54 MPa (Table
1), and tended to occur near 70% of stance.
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Figure 2: Principal material stresses for one

representative trial. Solid line = Gjong;

Dashed line = 6y4,; Dotted line = .

100

A strong cross-correlation was observed
between Gjong and Fy (Figure 3). The
correlation ranged from -0.85 to -0.99, with
a mean of -0.97. The large correlation
suggested that the o1ong Was highly
dependent on the plantarflexor moment that
occurred during late stance.

% Max Value

40 60 80
% Stance

100

Figure 3: Relationship between 6o and Fy
for one representative trial. Solid line =
|Glong|; Dashed line = Fy.

SUMMARY/CONCLUSIONS

According to our model, the primary mode
of loading on the dorsal 2" Met during
walking is compressive Giong With little Giran.
The small 1 also suggested negligible
torsional loading, although this may be due
to the restricted tibial rotation in our model.
The compressive Giong 1s most likely due to
bending caused by late stance plantarflexion.
Stress fracture intervention should look to
decrease this large bending stress, possibly
with the use of orthotics.
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Table 1: Mean (1SD) peak stresses in principal material directions for the four specimens.

Foot 1 Foot 2 Foot 3 Foot 4
Olong (MPa) 30.54 (6.53) 18.17 (2.07) 11.34 (1.31) 11.18 (3.23)
Otrans (MPa) 0.47 (0.13) 0.77 (0.10) 0.53 (0.04) 0.40 (0.08)
T (MPa) 0.39 (0.17) 0.53 (0.22) 0.10 (0.04) 0.22 (0.07)
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INTRODUCTION

Level gait at constant average velocity
includes the generation and dissipation of
equal amounts of mechanical energy (i.e.
positive and negative work) through the
stride cycle (4). Surprisingly, Elftman (4)
and Dutto et a (1) showed net positive joint
work in level human running and in level
horse trotting. Positive and negative joint
work were derived from joint powers and
were attributed to shortening (concentric) or
lengthening (eccentric) muscle contractions.
To our knowledge no subsequent studies of
the potential imbalance in joint and therefore
muscle work over the stride cycle have been
reported.

Theoretically positive mechanical work can
be produced in mammals only by converting
chemical energy into mechanical energy
within muscle sarcomeres (i.e. the power
stroke of the cross bridges, 3). In contrast,
negative work can be produced by muscles
but also other body tissues through
compression and tension (5). This suggests
that to maintain constant mechanical energy
over a stride muscle positive work would
have to overcome energy losses from these
other tissues. Based on Elftman’s and
Dutto’sempirical data and on these
theoretical concepts, we hypothesize that
muscles produce a net positive work during
level gait despite the maintenance of a
constant level of mechanical energy (total
mechanical work = 0). The purpose of the
study was to determine total negative,

positive and net lower extremity joint work
during level human walking and running.

METHODS

Ground forces and 3D kinematics were
obtained from 21 adults while walking (1.5
m/s) and 16 other adults while running (3.5
m/s). Inverse dynamics were used to derive
3D joint powers throughout the stride.
Positive, negative, and total work at each
lower limb joint were derived from these
data and assumed to be due to muscle forces
(6). We verified that mechanical energy did
not change over the stride by comparing the
height and velocity of a marker on the L5/S1
joint at the start and end of the stride cycle.
T-tests (p<0.05) compared negative and
positive work at each joint and total negative
and positive work summed across the joints.

RESULTSAND DISCUSSION

The pattern of results was identical in
walking and running tests. Total positive
joint work was 16% and 8% larger then total
negative joint work in these gaits (both
p<0.05) producing 9 Jand 10 J of net
positive work in the two gaits (fig 1). 20 of
the 21 subjectsin walking and all 16
subjects in running had net positive joint
work. Based on the L5/S1 marker
kinematics, total body energy changed less
than 1% over the stride in walking and
running. These results indicated the
observed positive biasin joint work was a
consistent finding and was not dueto a



changein body vertical position or running
velocity (i.e. an increase in body mechanical

energy).

Hip and ankle joint work were positively
biased in both gaits however the hip bias
was much larger. Positive vs. negative hip
work was 2.6 and 3.3 fold larger in walking
and running whereas positive vs. negative
ankle work was only 0.2 fold larger in both
gaits (fig 1.). Kneejoint work was largely
negatively biased in both gaits. Negative vs.
positive knee work was ~2.5 fold larger in
walking and running. These data indicated
the hip muscles were primary energy
generators and functioned more
concentrically than eccentrically, knee
muscles were primary energy dissipaters and
emphasized eccentric function and ankle
muscles had, to a large extent a balance of
generating-dissipating or concentric-
eccentric functions.

SUMMARY/CONCLUSIONS

Level human gait at a constant average
velocity does not balance muscle work
through concentric and eccentric
contractions but emphasi zes the, “ over-
production,” of energy through shortening
contractions to maintain a constant level of
total mechanical energy. The net positive
muscle work along with the nearly constant
vertical position and horizontal velocity over
the stride indicated that some of the positive
work produced by muscles was not used to
maintain upright posture (i.e. potential
energy) and gait velocity (i.e. kinetic
energy) but was wasted through various
energy sinks. These sinks might be spinal
discs, joint cartilage, and the shoe and floor
however these and other possible energy
sinks need further investigation.
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INTRODUCTION

Maximum voluntary joint torque varies
substantially with joint angle and angular
velocity. In some studies of human
movement, joint torques determined by
inverse dynamics analysis are compared to
strength, defined as a single value of
maximum joint torque (e.g. Hughes, 1996).
However, because of the variation in
available joint torque with angle and angular
velocity, representing strength as a single
value could lead to erroneous conclusions
about the effort exerted during a dynamic
activity. Thus, a method for determining
available joint torque given joint angle and
angular velocity may be of importance.

A model was developed to represent the
maximum voluntary joint torque as a
function of joint angle and angular velocity.
There are a few examples of torque-angle-
angular velocity models in the literature,
such as those of Chow (1999) and King
(2002). However, these have only been used
in limited cases. The goal of this work was
to develop a relatively simple model of
maximum joint torque that is applicable to a
variety of joints and populations.

METHODS

Maximum voluntary joint torque data was
collected from 34 healthy adults ages 18-73,
half male and half female, using an
isokinetic dynamometer. Informed consent
was obtained prior to participation. Data was
collected for six different exertion
directions: hip extension (HE), hip flexion

(HF), knee extension (KE), knee flexion
(KF), ankle plantar flexion (PF), and ankle
dorsiflexion (DF). For each exertion
direction, tests were made in eccentric
isokinetic, isometric, concentric isokinetic
and high speed concentric modes. Passive
torques, or torques while the subjects were
relaxed, were recorded throughout the range
of motion (ROM).

The model for joint torque included both
passive and active torques. Passive torques,
caused by the stretching of tissues, were
modeled with an exponential equation:
Toassive = Bleklg + Bzekzg

Active joint torques, caused by the
activation of muscles crossing the joint,
were modeled based in part on muscle force-
length and force-velocity relationships. For
isometric and concentric cases:

TACTIVE (‘9: ‘9) = TISO (‘9) ’ R(@)
Here, the isometric torque is given by:

Tiso (0) =C; COS(Cz (0- Cs))
and the torque-velocity relation, based on
the hyperbolic Hill (1938) force-velocity

model, is:
R(d) = 2C,C, +_0(C5 -3C,)
2C,C, +6(2C, -4C,)
For eccentric motion, the active torque is
multiplied by an additional velocity
dependent term, giving:

TECC (0,0) = TACTIVE (0,-0)-1- CGH)
The torque-angle-angular velocity model is
the sum of the active and passive torque
equations. The model includes a total of 10
parameters: four for passive joint torque,
and six for active joint torque.




Model parameters were determined using
optimization techniques. Passive torque
parameters and gravity corrections were
based on the passive torque data. The active
torque parameters were calculated with a
simulated annealing optimization algorithm.

RESULTS AND DISCUSSION
The model fit the individual data well in

most cases. Mean R? across all exertion
directions was 0.89, (range 0.46 to 0.99).
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Figure 1: Example surface for KE torque,
showing a distinct peak in the ROM. Red
lines indicate values of C4, C3, C4 and Cs.
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Figure 2: Example surface for HE torque,
showing torque increase with hip flexion
throughout the ROM. Red lines indicate
values of C4, C3, C4 and Cs.

The shapes of the torque-angle-angular
velocity surfaces were similar between
subjects, but differed between exertion
directions. One major difference was
whether maximum torque occurred centrally
in the ROM or near one end. KE models
generally fell into the first case. An example
KE surface is shown in Figure 1. HE and PF
models generally fell into the second case.
An example HE surface is shown in Figure
2. HF, KF and DF generally fell somewhere
in between the two cases.

Several of the model parameters have a
simple physical interpretation. Specifically,
C; is the maximum active joint torque and
Cs the corresponding joint angle. C4 and Cs
are angular velocities at which torque is
75% and 50% of the isometric torque,
respectively. In Figures 1 and 2, these four
parameters are indicated by red lines.

SUMMARY/CONCLUSIONS

The relatively simple model presented can
estimate maximum voluntary joint torques
given joint angle and angular velocity.
When compared to actual joint torques,
these indicate the relative effort required to
perform muscle-driven dynamic activities.
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INTRODUCTION

An ex vivo bone culture and loading system,
ZETOS, has been developed to evaluate
morphological and physiological cellular
responses of trabecular bone cylinders

(10 mm diameter, 5 mm height). A
cylindrical piezoelectric actuator (PZA)
expands while compressing the specimen.
Strain gauges and a load cell measure PZA
expansion and applied load, respectively.
These, however, are not representative of the
specimen’s compressive deformation due to
the compliance of the system. Therefore
force, expansion and specimen deformation
are related by means of a calibration table
(Jones et al, 2003; Smith et al, 2001).

Calibration was performed at manufacture,
but the compliance of the system may
change with time, thus the requirement of
recalibration. The purpose of this
investigation was to develop and validate a
recalibration protocol for the ZETOS bone
loading system.

METHODS

Ten aluminum reference bodies (RBs) with
a known stiffness were designed and
manufactured (Figure 1). The RB stiffness
ranged from 40 MPa to 2000 MPa which is
a reprehensive range of trabecular bone. The
main feature of the RB design was a
diaphragm which would deflect under a
compressive axial load applied to a central
piston. In order to comply with geometric
and mechanical limitations, two groups of

RB geometries were required, differing in
lateral wall thickness and fillet radii. A
range of diaphragm thicknesses was
determined for each geometry to span the
desired range of stiffness.

Calibration of the PZA expansion under no
load was performed using a fiberoptic
distance sensor. All RBs were tested, ten
times each, in ZETOS to record force and
PZA expansion.

compressive
load

piston

e, threaded hole
AY
DR I N lateral
diaphragm diaphragm wall
deflects of variable
under load thickness

+4—rod

as diaphragm deflects
1 rod displaces downward

|

Figure 1: Schematic of a section view of a
RB and stainless steel rod.

Finite element analysis (FEA) was used to
model compression of the RBs in ZETOS.
The model included all interface surfaces: a
steel base (ZETOS loading platform), the
RB, a sapphire cylinder (10 mm diameter,
10 mm height, used to avoid RB indenting)
and the convex, sapphire crystal on the



loading end of the PZA. A displacement of
60 um was assigned to the top of the PZA
crystal. The reaction force was divided by
deformation to find RB stiffness, which was
found at the top of the surface and at the
threaded cavity.

The reference body (RB) stiffness
determined with FEA was validated with
physical testing in an Instron device. Six
RBs were compressed using a setup
replicating the FE model. Compressive
deformation of the RBs was derived from
measurements with a 10x microscope.
Percent differences of the FEA-determined
stiffness were calculated with respect to
stiffness found with Instron testing.

ZETOS force and expansion, and
compression derived from FEA were related
by generating a calibration table through
spline interpolation. All the RBs were tested
in random order in ZETQOS, ten times each.
For further verification, three metal
specimens of unknown stiffness were also
tested in ZETOS and compared to FEA.
Comparisons of these tests with respect to
FEA were made with percent differences.

RESULTS

Two sites were analyzed in the FEA: at the
top of the RB piston and at the threaded
cavity. The first was the stiffness of interest,
used for calibration; the second analysis site
was for comparison with experimental
testing aimed to validate the model.

FEA results had a mean percent difference
(absolute value) with respect to Instron
testing of 5.08%, ranging from -3.21 to
10.6%. This comparison used the stiffness
calculated at the threaded cavity in the FEA
to mimic the displacement measurements
taken during physical testing. Results from
Instron testing served as FEA validation.

A calibration table was generated, based on
the displacement results found at the top of
the piston from the FEA. Verification of the
RB stiffness determined using the ZETOS
loading system after calibration found a
mean percent difference (absolute value) of
1.10%, ranging from -2.07 to 0.877%.
Finally, the verification of the calibration
procedure using metal springs found a mean
percent difference in stiffness compared
with their FE models of 2.25%, ranging
from -3.31 to 2.78%.

DISCUSSION AND CONCLUSIONS

The calibration procedure of the ZETOS
loading system is important to assure
accuracy of stiffness measurements of
trabecular bone. FEA was an essential tool
in this study, both for design of the RBs and
for calculation of their stiffness. The
combination of experimental testing and
FEA enabled a more precise determination
of RB stiffness for the generation of the
calibration table. The test results were used
to validate the FEA; and subsequently, the
FEA provided results that could not
otherwise be measured to generate the
calibration table. The successful calibration
of the ZETOS loading system assures
continuing accuracy of stiffness
measurements of trabecular bone.
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INTRODUCTION

In a recent study, we demonstrated that
EMG and kinetic data from the automatic
postural response in cats could be
decomposed into five “functional” muscle
synergies, each specifying a pattern of
hindlimb muscle activation and a correlated
“synergy force vector” at the ground
(Torres-Oviedo et al., 2006). The analysis
showed that these functional muscle
synergies could explain both muscle
activation patterns and endpoint forces in a
range of postural configurations that alter
the biomechanical conditions of the task.
However, this generalization was apparent
only when we expressed the kinetic data in a
coordinate system that rotated with the
sagittal hindlimb axis. This suggests that
muscle synergies provide the nervous
system with a simple mechanism to generate
forces consistent in the reference frame of
the limb.

Here, we used a static 3D musculoskeletal
model of the cat hindlimb (McKay et al.
2006) to test the hypothesis that muscle
synergies could produce endpoint force
vectors across a range of postural
configurations corroborating our
experimental observations. We then
examined the neuromechanical implications
of the functional muscle synergy
architecture by examining changes in the
feasible force set (FFS; Valero-Cuevas
2006) after a synergy organization was
imposed.

METHODS

First, we tested whether muscle synergies
could produce endpoint forces that were
consistent with respect to the sagittal
hindlimb axis in a range of postural
configurations. For each of three animals,
we generated five simulated muscle
synergies that could reproduce the
experimentally derived synergy force
vectors in the nominal postural
configuration. We then examined the
endpoint forces generated by these muscle
synergies in the three other postural
configurations using kinematic data from
each cat (Torres-Oviedo et al., 2006).

We investigated whether the simulated
muscle synergies limited or spanned the
force-production capabilities of the
hindlimb. We calculated FFSs for all
conditions as in (McKay et al. 20006); first
assuming individuated control of muscles
and later assuming individuated control of
only the simulated synergies.

RESULTS AND DISCUSSION

Consistent with our hypothesis, simulated
synergies produced force vectors that rotated
monotonically with the limb axis in the
sagittal plane as postural configuration
varied (Figure 1, colored lines). Synergy
force vector orientation was highly
correlated to limb axis angle in the sagittal
plane (r* = 0.94 + 0.08, p + 6), and less so in
the dorsal plane (0.75 + 0.3), confirming the
quasi-planar variation we observed
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Figure 1: Rotation of synergy force vectors and feasible force sets with hindlimb axis when
the animal stands using various postural configurations.

experimentally. This result suggests that
postural forces can be coordinated by the
nervous system throughout the workspace
with a relatively simple polar transformation
from intrinsic to extrinsic coordinates. This
is consistent with the encoding of limb
orientation in sensory signals traveling from
the spinal cord to higher brain centers
(Bosco et al. 1996).

When compared with the nominal FFS
(Figure 1, thick black lines), the synergy-
limited FFS (Figure 1, gray shaded areas)
varied much more acutely with postural
configuration, particularly in the sagittal
plane (r* = 0.92 + 0.05 vs. 0.77 £ 0.2). The
synergy-limited FFS was also considerably
more elongated at all postures. We have
previously demonstrated that the nominal
FFS is a weak determinant of postural force,
due to its generally isotropic shape (McKay
et al, 2006) — taken together, these results
suggest that the synergy-limited FFS may be
a much stronger determinant of force
magnitude in the hindlimb, particularly as
postural configuration changes.

Our results illustrate that the muscle
synergies recruited for postural control do
not span the force-producing capabilities of
the limb, so that only a limited range of
forces are available for the postural task.
Similar reductions in FFS volume occur in
conditions of neural deficit (cf. Valero-
Cuevas 2006). Based on these results, we

predict that tasks like locomotion will recruit
additional synergies to reach the remainder
of the FFS (e.g., d'Avella and Bizzi 2005).

Muscle synergies appear to limit the
biomechanical outputs of the limb based on
a parsimonious control strategy rather than
musculoskeletal constraints. Our results
suggest that it may be valuable to consider
the changes to the FFS associated with
muscle synergies when predicting muscle
coordination and biomechanics for some
natural behaviors, as opposed to “maximal”
tasks where coordination is determined
uniquely by biomechanical limitations (e.g.,
Valero-Cuevas 2006).
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INTRODUCTION

Cervical spondylotic myelopathy is one of
the most common diseases of the vertebral
column frequently caused by degenerative
processes (1). The degenerative changes
that occur in the cervical spine result in
compression of the spinal cord and nerve
roots leading to radicular pain and
numbness. Posterior surgical approaches for
the management of cervical spondylosis are
well established and among the oldest spinal
procedures known. Recent advancements in
minimally invasive surgical techniques have
produced the same surgical result while
minimizing bone and ligament resection as
well as preserving the surrounding tissue
(1). These surgical advancements have
shown clinical improvements such as a
decrease in post operative pain and
improved clinical outcomes (2) however, the
biomechanical impact of cervical
microendoscopic decompression for stenosis
(MEDS) is unknown. In this study we will
quantify the change in intersegmental
motion of the cervical spine in response to a
decompressive laminotomy at C4-6 using
the standard open procedure and the new
MEDS technique.

METHODS

A three dimensional finite element model of
an intact C3-T1 cervical spine motion
segment was developed from the CT scan of
a 38 year-old female normal subject. The
model was previously validated with the in
vivo study under diurnal compressive load of

40 — 350N (3). A compressive pre-load of
150N was simulated using the follower load
technique. Two additional C3-T1 models
with a C4-C6 laminectomy were developed
one with traditional open posterior approach
and the other a cervical MEDS approach.
The open procedure was modeled by
removal of the spinous process, a bilateral
laminectomy and removal of the
ligamentum flavum and interspinous
ligaments. The cervical MEDS was
modeled by unilateral removal of the right
lamina and the ligamentum flavum.
Moment loads were created by applying
appropriate equal and opposite loads on the
superior surface of C3 keeping the inferior
surface of T1 fixed. A 1.5 Nm flexion,
extension, axial rotation and lateral bending
moment were applied to the model. The
values selected represent the mean motion
generated in the three principle planes
computed from the in vivo studies. Rotation
of the vertebral body was studied for the
three FE models using the commercially
available software ADINA.

RESULTS AND DISCUSSION

Rotation of the vertebral bodies in the
sagittal, axial and coronal planes was
compared between a cervical MEDS and
open laminectomy at C4-6 to an intact
control using finite element analysis. The
open procedure resulted in an overall
increase in motion at all segment levels for
each of the three loading conditions (Figure
1), with the largest overall increases in axial



rotation and lateral bending. Increased
motion in the axial plane ranged from 100%
at C7-T1 to 141% at C6-7. The range of
increase in motion during lateral bending
was from 26% at C3-4 to 108% at C4-5.

MEDS resulted in minimal increased motion
at all segment levels for each of the three
loading conditions. The most significant
changes were seen in axial rotation and
flexion-extension with no significant change
in lateral bending. Motion for the MEDS in
the axial plane increased in the range of 0%
at C7-T1 to 20% at C6-7. Flexion-extension
increased from less than 1% at C3-4 to 29%
at C6-7.
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Figure 1. Change in percent segmental
rotation for open and MEDS normalized to
control under flexion, extension, lateral
bending and axial rotation.

Axial rotation resulted in the most
significant increases in motion for both the
open and MEDS with a maximum of 1%
and 20% at C6-7 respectively. Lateral
bending resulted in the second largest
overall increase in motion with the
maximum occurring at C4-5 with a 108%
and 2% increase for open and MEDS. The

total motion (C3 with respect to T1) of the
open was increased relative to the MEDS in
flexion-extension (10% and 5%), axial
rotation (115% and 6%) and lateral bending
(101% and -1%). A comparison of the
segments directly adjacent to the operative
site resulted in a consistent maximum
increase in motion at the caudal end (C6-7)
for both open and MEDS (Table 1).

SUMMARY/CONCLUSIONS

The limitations of the finite element analysis
are known. However, our application of the
finite element method for comparison of
segmental motion as a result of two different
surgical treatments for cervical spondylotic
myelopathy provide biomechanical data to
verify results seen clinically (1). The data
show that the posterior elements of the
cervical spine provide resistance to
segmental rotation in the three anatomic
planes. Surgical manipulation of these
elements can lead to substantially increased
motion as can be seen by the results of the
open data. Minimization of bone and
ligament removal associated with MEDS
results in greater preservation of the normal
motion of the cervical spine after surgery.
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INTRODUCTION

Many children with cerebral palsy (CP) walk
with a crouched posture during the stance phase
of the gait cycle, exhibiting excess knee flexion,
hip flexion, and internal hip rotation. This
pathological gait pattern increases the energy
cost of walking and can lead to chronic knee
pain and joint degeneration if left uncorrected.
Further, without intervention, crouch gait
typically worsens over time (Bell et al., 2002).

Understanding the impact of a crouched gait
posture on muscle function may shed light on
the progression of the pathology and improve
the efficacy of corrective and preventative
treatments. The goal of this study was to
determine the effect of crouch gait on the
capacity of the major limb extensor muscles to
accelerate the hip and knee joint during the
single limb support phase of the gait cycle.

METHODS

We assessed the effect of crouched gait postures
on the capacity of muscles to extend the joints
using a modeling technique known as an
induced acceleration analysis (e.g. Zajac and
Gordon, 1989). In this analysis, a model of the
musculoskeletal system is positioned with joint
angles corresponding to a given gait cycle. The
model’s equations of motion are then used to
calculate the capacity of the muscles to
accelerate each of the joints.

We used a 3D, 15-segment, 23 degree-of-
freedom model of the musculoskeletal system
(Delp et al., 1990). This model was positioned
using four distinct gait patterns: normal, mild
crouch, moderate crouch and severe crouch
(Figure 1). The normal gait pattern was based
on the averaged gait kinematics of 83 able-
bodied children. The crouch gait patterns were
based on averaged gait kinematics from subjects
with CP, classified based on their knee flexion

angle at initial contact. Mild crouch subjects
had between 20° and 30° of knee flexion at
initial contact (N=103), moderate crouch
between 30° and 40° (N=171), and severe crouch
over 40° (N=197). All gait data was collected
using a 3D motion capture system at Gillette
Children’s Specialty Healthcare.

Figure 1: The musculoskeletal model in postures
corresponding to the single limb support phase of
moderate crouch gait.

For all four gait patterns, the capacity of the
major limb extensors to accelerate the hip and
knee joints toward extension was calculated for
every 2% of single limb support (14-50% of the
gait cycle). First, the contribution of each
muscle to the ground reaction force was
determined using an approach developed by
Anderson and Pandy (2001): five contact points
were distributed over the sole of the foot, a unit
muscle force was applied to the model, and the
resulting ground reaction force was determined
by solving for the minimum force that would
constrain the acceleration of each contact point
to be zero. Second, a unit muscle force plus its
contribution to the ground reaction force were
applied to the model. The resulting
accelerations of the hip and knee were then
calculated using the model’s equations of
motion. This quantity represents the capacity of
a muscle to accelerate the joint at that pose of
the gait cycle, per unit muscle force.



RESULTS AND DISCUSSION

Major limb extensors were defined as the
muscles that had an average extension capacity
of at least 5°/s%/N and are active during normal
single limb support (Perry, 1992). Of these
muscles, the gluteus maximus was found to have
the greatest potential to extend both the hip and
knee joints (Figure 2). The bi-articular
hamstrings was found to have an extension
capacity at both the hip and knee. Vasti, soleus,
and the posterior gluteus maximus also had
significant hip and knee extension potentials.

When walking with a crouched gait posture, the
extension capacities of almost all muscles were
markedly reduced (Figure 2). The more severe
the crouch gait pattern, the larger the impact on
muscle extension capacity. For moderate
crouch, the capacities of the limb extensors to
accelerate the knee joint were reduced by 25-
70%. At the hip joint, the capacities of the
gluteal muscles, vasti and soleus were reduced
by 15-50% for moderate crouch. The lone
exception was the bi-articular hamstrings: the
capacity of hamstrings to extend the hip
increased slightly with crouch gait.

Two major factors must be considered when
interpreting the results of this analysis. First, the
actual angular acceleration of a joint induced by
a muscle depends on the muscle’s activation
level as well as its force-generating capacity,
which depends in turn on the muscle’s
physiological cross-sectional area and the
muscle’s length and velocity during the
movement. Second, the results of this analysis
depend on the musculoskeletal geometry and
inertial properties of the model, which are
variable, especially in children with CP.

The results of this analysis provide several
valuable insights into muscle function during
crouch gait. First, as crouch gait worsens,
muscle extension capacities are further reduced
in a negative cycle. This is consistent with the
clinically observed worsening of crouch gait
over time. Conversely, small improvements in
hip or knee flexion may help reverse the process,
especially if intervention occurs early in the
progression of crouch gait. The only muscle
whose extension capacity was not reduced by a

crouched posture, at least at the hip joint, was
the hamstrings. Over-activity of hamstrings is
common in patients with crouch, which may be
related to this maintenance of extension capacity
in a crouched posture.
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Figure 2: Effect of crouch gait on the average
capacity of the major limb extensors to accelerate the
hip (top) and knee (bottom) towards extension during
single limb support.
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INTRODUCTION

Joint position sense (JPS) is important in the
maintenance of optimal movement
coordination and injury prevention of limb
segments in functional activities. It is well
established that the accuracy of visually
guided reaching movements declines as
movement speed increases. However, very
few studies have examined the influence of
movement speed on accuracy of 3D
reaching movements to memorized targets
without visual feedback (Messier et al.
2003). Previous data from our laboratory
indicate that joint position sense acuity
improves as the presented position is moved
toward an elevation of 90° (Suprak et al.,
2006). Therefore, the purpose of this study
was to examine the effects of elevation
angle on movement velocity. We
hypothesized that velocity would increase as
the elevation angle increased from 30° to
110°.

METHODS

A total of 22 subjects (12 males, 10
females), with a mean age of 23.3 yrs. (£ 4.8
yrs.) participated in the study. Following a
standardized warm-up procedure, subjects
were fitted with a head-mounted display and
asked to remove shirts (females wore sports
bras) to minimize visual and tactile cues
(Figure 1). Kinematic data were collected
via the Polhemus Fastrak magnetic tracking
system, with one receiver on the thorax and
one on the humerus. Testing involved the
presentation of five target positions,
consisting of various elevation angles in the
scapular plane (35° plane). These positions
were presented via custom-made Labview
software through the head-mounted display.
Once the target position was achieved, the
display turned black and remained so for the

remainder of the trial. Subjects held the
position for five seconds, and returned to the
side. Subjects then attempted to replicate the
target position in three dimensions, in the
absence of visual cues. Target positions
were presented in a randomized order.
Vector position data collected during the
repositioning phase was processed via a
forth order Butterworth filter. Peak angular
velocity was calculated from the filtered
position data using the central difference
method.

Figure 1: Experimental Set-up.

RESULTS AND DISCUSSION

A one-way repeated measures ANOVA
revealed a significant main effect of
elevation angle on peak velocity (Figure 2).
Analysed data also showed a significant
cubic polynomial contrast. However,
previous data using the same protocol to
assess position sense acuity indicated that
repositioning accuracy improved as the
elevation angle of the presented position
approached 90° (Figure 3). Cordo et al.
(1994) studied the role of velocity on the
proprioceptive coordination of movement



sequences using passive rotation of the
elbow at fixed speeds. There results
suggested that the nervous system uses
velocity information to coordinate
movement sequences. Our results indicate
that movement velocity increases in a cubic
pattern with increase elevation angle at the
shoulder. This finding, along with previous
data, may indicate that in an unconstrained
active repositioning movement, the accuracy
of movement without vision is not
exclusively affected by velocity.
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Figure 2: Angular velocity with Elevation
Angle (Mean £ SEM).

CONCLUSIONS

The results of this study indicate that
angular velocity increases with an increase
in elevation angle of the shoulder. Taken
together with previous accuracy data
(Suprak et al., 2006), these findings may
indicate that in an unconstrained reaching
task to remembered targets, movement
velocity does not play a dominant role in
determining movement accuracy. More
investigation is necessary to elucidate the
role of wvelocity in the processing of
proprioceptive information by the central
nervous system.
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INTRODUCTION

The ankle dorsiflexors have two main
mechanical functions during gait. One
function is eccentric control at heel strike
and a second function is concentric control
during swing. Correspondingly, in healthy
persons, the ankle dorsiflexors show two
bursts of electromyographic (EMG) activity
during walking. A large burst is seen around
heel strike to prevent the forefoot from
colliding with the floor at a high velocity
(i.e. foot slap). A second burst is seen after
toe off to prevent the toes from hitting the
floor on swing through (i.e. drop foot).

Post-stroke patients often have very weak
dorsiflexor recruitment at the stance to
swing transition. Rigid AFOs are frequently
prescribed to improve walking ability and to
prevent stumbling. However, rigid AFOs
impede push-off plantar flexion and do not
allow the user to make step-to-step changes
in motion dynamics for terrain. The purpose
of this study was to determine how people
adapt their walking patterns to a powered
orthosis with dorsiflexion assist. The
advantage of a powered orthosis is that it
would not impede plantar flexion at the end
of stance.

Our preliminary results using a powered
orthosis under proportional myoelectric
control of the tibialis anterior (TA) revealed
different motor adaptation responses for the
two mechanical functions of the dorsiflexors
(Kao and Ferris 2006). Although TA EMG

amplitude decreased for the first burst by
about 22% as subjects adapted, TA EMG
amplitude did not change for the second
burst. In order to clarify the different
responses, we tested a second group of
subjects that received the active dorsiflexion
assist ONLY during the swing phase. We
hypothesized that subjects would
demonstrate similar adaptation as before for
the second TA burst (i.e. no change in
dorsiflexor EMG amplitude).

METHODS

Ten healthy subjects were fitted with
custom-made polypropylene orthosis (Fig.
1). An artificial pneumatic muscle attached
on the foot and shank portions powered the
orthosis to provide dorsiflexor torque. A
real-time computer controller modulated
force in the artificial muscle proportional to
tibialis anterior EMG amplitude via a
pressure regulator. Foot-switches were used

forgating  pmpmy <y

control

signals. ; RSN [ cortot sgna
] UL
We collected I
lower body torace:
Kinematics, i
EMG, and TA ENG

artificial st

muscle force Figure 1: The powered
while subjects  orthosis uses TA EMG to
walked on a control air pressure in an
treadmill for artificial dorsiflexor muscle.

two training sessions. Subjects walked with




the orthosis first without power for 10
minutes (baseline), with power for 30
minutes (active), and without power again
for 15 minutes (post-passive). We repeated
the same protocol 3 days later. During active
orthosis walking, subjects in the first group
(n=5) received powered assistance BOTH at
heel strike and during swing. Subjects in the
second group (n=4) received assistance
ONLY during the stance-to-swing transition
(50-90% of step cycle). We calculated root-
mean-square EMG for each burst of TA
EMG individually and normalized data to
the last minute of baseline. We also
correlated every minute’s ankle angle profile
to the baseline trial. We used the method
described by Noble and Prentice (2006) to
define steady state dynamics

RESULTS AND DISCUSSION

At the end of Day 2, the orthosis provided
peak dorsiflexor torques ~0.22 Nm/kg at
heel contact for Group One subjects and
~0.10 Nm/kg during swing for both Group
One and Two subjects. The assist provided
was ~150% of the normal peak dorsiflexor
moments (~0.1 Nm/kg at heel contact and
~0.06 Nm/kg during swing (Mills, 2001)).

Group One

15 1 (+) dorsiflexion
Ankle /
angle 0
(degrees) |\ / Baselme 50 \ 4 100
-15 “
Group Two
15 1
Ankle \
angle 7"-\
(degrees) 50 N 100
Baseline /
Min. 1

-15 -
% Gait Cycle
Figure 2: Ankle kinematics on Day 2.

Subjects walked with increased ankle
dorsiflexion (Fig. 2) and had tibialis anterior
muscle activation patterns similar to passive

orthosis trials (Fig. 3). In comparison with
the baseline condition, amplitude of the
second TA EMG burst did not change
during the active condition for Group Two
subjects (baseline 1.17 £0.10 (m#s.d.);
active 1.6+0.10; F; 490=0.0534, p=0.82). Both
Group One and Two subjects reached steady
state more rapidly on the second day.

Group One
11
Baseline /
Min. 1 1,
s \’\/
A \\ —’/ /
\_ = =
0 50 100
Group Two
17 Baseline
A\ Min. 1 {
0.5 1 \\ N\ /
N — "‘\j N

0
0 50 100

% Gait Cycle

Figure 3: TA EMG on Day 2.
SUMMARY/CONCLUSIONS

When wearing a powered orthosis providing
dorsiflexor assist, healthy subjects walked
with increased dorsiflexion without altering
TA EMG amplitude during the stance to
swing transition. In contrast, subjects
decreased TA EMG amplitude during the
swing to stance transition when dorsiflexor
assist was provided at that time. These
findings indicate that the nervous system
modulates the two TA EMG bursts
differently in regards to motor adaptation. In
addition, active dorsiflexion assist controlled
by EMG has potential for assisting people
with drop-foot gait.
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INTRODUCTION

Treadmills provide a convenient means for
collecting biomechanical and physiological
data to assess the effects of walking with
backpack loads (Quesada et al., 2000).
Researchers have reported on the time it
takes for individuals unencumbered by
external loads to habituate to treadmill
walking in terms of achieving stable
biomechanical (Van de Putte et al., 2006)
and oxygen consumption measures (Keefer
et al., 2005). However, little research exists
on how long it takes individuals to become
familiar with carrying novel backpack loads
while walking on a treadmill. The purpose
of this study was to investigate the effects on
walking biomechanics and oxygen
consumption of repeated exposure to
carrying loads.

METHODS

Fourteen U.S. Army enlisted men (mean age
=21.3 yrs, SD =4.9; mean height = 1.79 m,
SD = 3.9; mean body mass = 82.3 kg, SD =
11.7) participated in the study. Informed
consent was obtained and the study was
conducted in accordance with DOD
regulations.

Volunteers attended four study sessions. The
first two sessions were within one week.
They were followed, after a 1-week interval,
by the last two, which were also within one
week. Seven volunteers performed treadmill
walking at the first two sessions and agility

maneuvers at the last two; the remaining
seven volunteers engaged in treadmill
walking and agility activities in the opposite
order.

Six backpack conditions were tested, all
with different moments of inertia (MOI).
Steel weights totaling 26 kg were placed in a
pack in various locations to produce MOIs
that ranged from 0.5 to 2.5 kg-m? about the
three principal axes (Ixx, lyy, Izz). An
external-frame backpack was used for all
conditions. All conditions had the same total
mass (35 kg) and the same mass center
location (about 0.3 m away from the frame,
0.3 m away from the bottom, and centered
on the midline of the load carrier’s back).

The treadmill activity consisted of 10-min
trials of walking on a level treadmill (AMT]I,
Watertown, MA) set at 4.8 km/h. During
the fifth minute, 20 s of kinematic data were
collected (Qualisys, Gothenburg, Sweden).

After six minutes, VO2 (ml/min) data were

collected (K4b*, COSMED, Rome, Italy).
There were three walking trials at a session,
each with a different backpack condition.
The agility maneuvers were timed, maximal
effort tasks: running a 32-m zigzag course;
climbing over a 1.4-m sheer wall; and
moving from a standing to a prone position
and returning to the standing position. There
were three trials on each agility task at a
session, with a different backpack condition
being carried on each trial. The order in
which the participants were exposed to the
load conditions was based on a Latin square.



VO, data were averaged over the 90-s

collection period. Rate of oxygen
consumption was expressed relative to the
individual’s body mass (ml/kg/min). Five
strides of kinematic data were analyzed
using Visual3D (C-motion Inc., Rockport,
MD) and were averaged across sides (left
and right) and strides. ANOV As were
performed on the dependent measures with
alpha set at .05. A hierarchical design was
used with one between- (Order: Treadmill
Week 1-2) and two within-subjects factors
(Day: 1-2; Trial: 1-3). Two of the volunteers
tested only two conditions at one session.
Their data were excluded from the analyses,
resulting in n = 5 for the Treadmill Week 1
group and n = 7 for the Treadmill Week 2

group.

RESULTS AND DISCUSSION

Mean VO2 analysis yielded a significant

Order x Day interaction (p = .008). Follow-
up comparisons revealed that Treadmill

Week 1 group mean VO, was significantly
lower on Day 2 (15.30 ml/kg/min) than on
Day 1 (17.02 ml/kg/min), improving 11%.
No significant Day effect was obtained for
the Treadmill Week 2 group; the mean VO2

for this group was approximately 15.55
ml/kg/min each day.

A significant main effect of Order was
found for a number of the kinematic
measures. Compared with those who did the
treadmill walking activity the first week, the
volunteers who were tested on the treadmill
the second week revealed increased cycle
time (p=.005), stance time (p=.014), step
time (p=.005), swing time (p =.005) and
stride length (p =.005). The second order
interaction (Order x Day x Trial) was
significant for one kinematic variable,
maximum ankle ROM (p=.048). Those who
walked on the treadmill the 2™ week, as

compared to walking on the treadmill first,
took longer strides and had greater ankle
joint movement.

Research conducted without external loads
on the body indicates that 5 min of treadmill

walking is sufficient to achieve stable VO,

levels between trials on a single day and
across days (Keefer et al., 2005). Based on
the oxygen consumption data from the
present study, it appears that treadmill
walking with a backpack load requires more
extensive practice and that, with practice,
the energy cost of the activity may decrease.
Further, study findings suggest that carrying
a load while performing physical activities
other than treadmill walking may
subsequently affect walking biomechanics
when carrying the load on a treadmill.

CONCLUSIONS

In studies of the effects of novel backpack
loads on oxygen consumption and
biomechanics during walking, volunteers
must be provided a period of familiarization
with carrying the load. At least two days of
carrying the load intermittently for a few
hours each day seem to be necessary. To
achieve efficient energy usage during
treadmill walking with a load, it appears that
practice in that specific activity is required.
Future research should address the changes
over time that occur in walking patterns and
oxygen consumption during familiarization
with carrying novel backpack loads while
walking on a treadmill.
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INTRODUCTION

Anterior cruciate ligament (ACL) injury has
been associated with progressive
development of knee osteoarthritis (OA)
(Daniel et al, 1994). ACL reconstruction is
often performed to restore the joint stability.
Current literature does not lend support to
the efficacy of ACL reconstruction in
retarding progression of OA after knee
injury. Altered knee kinematics and loading
pattern are believed to be responsible for
premature OA. Knee kinematic changes
were observed after ACL injury using
dynamic MRI (Barrance et al, 2006). A
recent study reported that rotational changes
at the knee would cause cartilage thinning
(Andriacchi et al, 2006). Some differences
during level walking between ACL injured
knees and healthy knees have been reported
(Zheng et al, 2007). The purpose of this
study is to study 3-D joint motion of ALC-
deficient (ACL-D), ACL-reconstructed
(ACL-R) and ACL-intact (ACL-I) knees
during level walking, ascending and
descending stairs.

METHODS

Twenty nine subjects were recruited in this
study, including 15 healthy subjects, 6
subjects with unilateral ACL-R knee and 8
with
unilateral
ACL-D
knees.
ACL-R and
ACL-D
subjects at
the time of

E'i-éﬁre 1: A subject in test

test were 3 months to 2 years after injury or
surgery. Both left and right knees were
tested using an IRB approved protocol. An
11-camera motion analysis system (MAC,
Santa Rosa, CA) was used to collect motion
data using 89 reflective markers (Fig. 1)
(Zheng et al, 2007). Three translations and
rotations at the knee were determined using
a modified point cluster technique with
accuracy of 1.8° for rotation and 3.5 mm for
translation (Gao and Zheng, 2007). Peak and
valley values during the stance phase and
swing phase were determined for each
variable. Each test was repeated three times.
Differences of three translations and three
rotations between two knees were analyzed
and compared between ACL-R and healthy
group. Multivariate analysis of variance
(MANOVA) was used to compare the
differences (SPSS, Chicago, IL).

RESULTS AND DISCUSSION

Figure 2 shows the three rotations and three
translations at the knee during level walking,
ascending and descending stairs. There were
significant differences of the knee flexion
between the ACL-R and ACL-I and between
the ACL-D and ACL-I. Subjects in the
ACL-D and ACL-R groups had more knee
flexion at the mid stance during level
walking (Table 1). Subjects in the ACL-R
group had greater peak knee flexion during
the swing phase in all three daily activities.
Tibiae in the ACL-R and ACL-D groups had
significant less external rotation during the
swing phase and at heel strike of three daily
activities. Significant differences for the
maximum valgus at the stance phase, the
maximum varus and valgus at both the
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Figure 2: 3-D knee motion during walking on a level (LW), upstairs (US) and downstairs
(DS). Data were normalized from heel strike (HS) to HS. Three translations were
determined from a reference point located in the femur condyle relative to the tibia
(anterior, medial and superior translations were positive). Rotations were calculated as the
femur relative to the tibia (flexion, varus and internal rotation positive).
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stance and swing phases were also found for
three daily activities.

Findings from this study allow us to identify
the individuals who have abnormal joint
motion. Future studies will be focused on
how changes in knee joint kinematics in
ACL-D and ACL-R groups lead to cartilage
degenerative changes of the articular
cartilage and how to apply appropriate
interventions and treatment to prevent
degenerative changes of the knee joint.

SUMMARY/CONCLUSIONS

Three dimensional knee joint motions in
ACL-D, ACL-R and healthy groups were

TO
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studied and significant differences of joint
motion were found. Their long-term
influences on the joint degenerative change
need to be monitored and studied.
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Table 1 Rotations (deg) with significant differences among groups during level walking

(mean+ SD).
Group ACL-I ACL-R ACL-D p
Flexion at stance phase 2.4+3.3 76+44 124+18 **, p<0.01
Flexion at heel strike 0.1+3.7 54+4.0 6.9+4.7 **, p<0.01
External Rotation at swing phase ~ 12.7 + 3.7 8.5+5.1 7.8+43 *, p<0.05
Valgus at stance phase 6.3+2.8 55+2.9 20426 *, p<0.05




ACCURACIES OF SKIN MARKER BASED KNEE MOTION ANALYSIS USING
DIFFERENT TECHNIQUES

B Gao, BP Conrad, N Zheng
University of Florida, Gainesville, Florida USA,
Email: nigelz@ufl.edu

INTRODUCTION

Accurate determination of bone motion is
important in understanding the normal
function as well as clinical problems of
musculoskeletal system. Skin marker based
optical stereophotogrammetry provides a
non-invasive and radiation-free approach for
in vivo skeletal kinematics measurement,
but the accuracy is limited mainly by soft
tissue artifact (STA) errors (Leardini et al.
2005). In the present study, accuracies of
three STA reduction techniques were
evaluated. The techniques included point
cluster technique (PCT) (Andriacchi et al,
1998), a modified least square method
(MLYS) (Spoor et al, 1980), and a marker
triad technique (MTT) newly proposed (Gao
et al, 2007). Outcome of each technique was
evaluated using human cadaver knees by
comparing with movement derived from
intracortical pin markers.

METHODS

Six fresh human
cadaver knees were
tested in this study.
Specimens included
bilateral lower
extremities with intact
pelvis to keep all
lower extremity
muscles intact. The
specimens had not
been frozen before the
test so the soft tissue
flexibility was well
maintained.
Intracortical pins were
fixed into the femur

Figure 1: Marker
placement on a
specimen leg.

and the tibia to assess the skeletal motion.
Seven retro-reflective markers (10 mm in
diameter) and 4 marker triads were attached
to the thigh and also to shank. Four markers
were fixed to the end of each bone pin
(Fig.1). An 11-camera motion analysis
system (MAC, Santa Rosa, CA) was utilized
to collect the motion data. The pelvis of the
specimen was held by a frame and an
upright pose of the leg was captured as a
neutral position where the local coordinates
of each marker were calibrated. Then
dynamic trials were recorded while the leg
was manipulated to stimulate the range of
motion of level walking. Three trials were
collected for each knee with each trial
containing 3 to 5 motion cycles.

Based on marker positions, three different
techniques were employed to derive the
skeletal movement. All markers were used
in MLS method. To make marker
distribution even in PCT method, triads
were treated as single markers by referring
their center positions. Only the four triads on
each segment were used in MTT method. In
this method, each triad’s rotation was
determined by the three vertex markers and
the results of the four triads on one segment
were averaged to derive the rotation of the
underlying bone. Translations of the bone
could be consequently determined.

Using each method, the 3-D motions derived
from skin markers (SM) were compared
with those derived from bone pin (BP)
markers in three ways:

l) (FemurSM + TibiaBP) VS (Jointh)

2) (Femurgp + Tibiasm) VS (Jointgp)

3) (Jointsy) VS (Jointgp)



The first and second comparisons evaluated
the accuracies of femoral and tibial motion
calculation, and the third one evaluated the
accuracies of the joint kinematics
determination.

RESULTS AND DISCUSSION

Tablel lists the average errors of PCT,
MLS, and MTT methods in 3-D knee
kinematics determination. Parameters
include flexion/extension (FE), axial
rotation (AR), varus/valgus (VV),
anterior/posterior (AP), medial/lateral (ML),
and superior/inferior translations (SI). Joint
motion was expressed as femur relative to
tibia and translations were described in
terms of the tibia origin located at the
middle of tibial plateau.

For all the three methods, the average errors
of femoral motion determination (0.60° to
2.14° for rotations and 1.85 mm to 3.53 mm
for translations) were overall larger than
those of tibial motion determination (0.31°
to 1.84° for rotations and 0.86 mm to 2.96
mm for translations). This is consistent with
the fact that thigh has greater soft tissue
movement than shank. The errors of knee
joint kinematics were generally larger than
errors of either segment.

Among the three techniques, MLS achieved
the best accuracy in knee joint kinematic
analysis, with less than 3.5mm /2° errors for

translational/rotational measurements. PCT
method which used non-rigid optimization
did not show higher accuracy than MLS,
especially in translations. This finding is in
agreement with other studies (Cereatti et al,
2006, Taylor et al, 2005). MTT method was
less accurate than MLS but comparable with
PCT, with errors less than 4mm/2.6° for
translational/rotational measurements. This
performance shows the potential of MTT
technique given its simpler marker set.

Among the six kinematic parameters, AP
translation had slightly larger errors than the
other two translations. Axial rotation
appeared largest errors among all the three
rotations. The non-uniform error distribution
is consistent for all the techniques and could
be associated with the anatomical structure
of lower extremity.
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Table 1: Average errors of knee kinematics using different techniques (meanzx SD).

Technique Segment FE (°) AR (°) VV(®) AP (mm) ML (mm) SI(mm)
Femur 155+1.26 2.14+1.14 1.00£0.57 3.09£1.99 3.35+2.14 3.53+1.83

PCT Tibia  0.76+0.38 1.43+0.55 0.36+0.09 2.96+2.17 1.62+0.71 1.29+0.59
Knee 1.24+0.73 1.99+0.83 1.01+0.53 5.14+4.45 3.90+3.11 3.96+1.55

Femur 0.84+0.64 1.51+0.75 0.85+0.56 1.85+0.67 1.93+0.95 2.46+1.41

MLS Tibia  0.70+0.32 1.10+0.30 0.31+0.12 2.47+1.65 0.86+0.32 0.86+0.16
Knee 0.74+0.35 1.81+0.49 0.77+0.53 3.30+2.34 1.96+0.45 2.74+1.31

Femur 0.60+0.13 1.77#0.82 1.27+0.73 2.72+1.31 2.33+0.83 2.89+2.26

MTT Tibia  0.87+0.41 1.84+0.61 0.61+0.21 2.43+1.49 1.59+0.70 1.03+0.28
Knee 1.1340.33 2.54+1.19 1.56+0.66 3.77+1.78 2.89+0.68 3.02+1.84
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INTRODUCTION

Studies have shown that females are more
likely to experience neck injuries than
males. A female neck model is requisite for
analysis of gender difference in neck
injuries, especially the effect of size,
geometry and biomechanical properties.
Male neck models have been developed
(Vasavadaet al., 1998; Chancey et al.,
2003), but to our knowledge a female model
does not exist. The goal of this study isto
develop a muscul oskeletal model of the
female neck and head system based upon
female anatomy from the National Library
of Medicine’' s Visible Human Female
(VHF), and compare the female to male
neck models.

METHODS

The VHF subject was 1.65m tall (65
percentile height female) and 59 years old.
Although her exact weight is not available,
Bajka et al. (2004) estimated her weight
from her liver volume, to be about 124-
131kg. Her external neck and head size were
estimated to be over or around 90™
percentile female (Gordon et al., 1989).
However most of her vertebrae arein the
40™ -60™ stature percentile female range for
vertebral height and depth (Katz et al.,
1975).

Head and neck skeletal anatomy: Computed
tomographic (CT) images of VHF skull,
vertebrae (C1-T6), ribcage, clavicle, scapula
and hyoid bone were traced using image
anaysis software (3D-doctor, Able
Software, Lexington, MA). The
biomechanical model (Figure 1a) was built

in SIMM (Software for Interactive
Musculoskeletal Modeling, Santa Rosa, CA).

(@ (b)
Figure 1: (a) Frontal view of VHF; (b) Lateral x-ray
of a65" percentile height female subject in neutral
posture; (c) Aligned neck model

Joint kinematics: The visible female was
scanned in the supine posture, resulting in a
neck posture, which was different from the
upright neutral posture. We used a lateral x-
ray of a height-matched female subject
(1.65m, 48.6kg, similar vertebrae size) in the
upright neutral posture (standing) to align
the VHF bones to upright neutral (Figure 1b,
1c). Thisensured a neutral posture, which
fell within the range reported in the
literature (Harrison et al., 2004).

The rotation centers of skull and vertebrae
were estimated from subjectsin which
gender was not specified (Amevo et al.,
1991) and scaled by the vertebral size of
VHF.

Muscle anatomy and force-generating
parameters. The muscle volumes were
obtained from the reconstruction of 3D
muscle surfaces by tracing the color
cryosection photographs of VHF.
Physiological cross-sectiona (PCSA) was
obtained by dividing muscle volume by
muscle fiber length, which was estimated by
calculating the length of a cubic B-spline
curve that used least squares approximation




fitting to the muscle
centroids at each dice.
Other parameters were
scaled from the male neck
mode.

The origin and insertion of
each neck muscle were

Figure 2:
attached to the same bony biomechanical
landmarks as those of female neck model

male model and connected
by a straight line (Figure 2).

RESULTSAND DISCUSSION

The VHF model predicted that the extension
moment at the neutral position was 28 Nm,
which was larger than experimental data
from females (Vasavada et al., 2001). The
VHF data were compared to two male
models representing a 50" percentile male,
where the only difference between those two
was that one (“M1”) used PCSA measured
from older male and female cadavers
(Kamibayash