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QUALISYS

QUALISYS is proud to support the biomechanics community
by being main congress sponsor of ISB 2021. For more than
30 years, we have been supplying motion capture systems
for researchers, athletes, coaches, and clinicians. Together
with our partners, we run daily live workshops from Qualisys
ISB Studio. Check the congress program for the schedule.
We are looking forward to seeing you!

Objective Functional Assessment
with Qualisys motion capture,
Delsys EMG and AMTI
force plates

Innovative Analysis of Jaw
Movement with Delsys
EMG and Qualisys
Motion Capture

Qualisys and Theia
Markerless workflows:
hands-on session

.....
.....

Fully Integrated Movement
Assessment with Qualisys
Motion Capture, Noraxon
EMG and h/p/cosmos
instrumented treadmill

sSelelel
........

Helene Ripa, a World famous paralympic athlete,
is practicing at Boson, Sweden.
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Welcome

to the XXVIII Congress of the International Society of Biomechanics!

For the first time ever this meeting will be held fully digitally and we are sure we will set

a benchmark for successful digital meetings. Despite the financial, travel and personal
difficulties imposed by the Covid-19 pandemic, we are excited to announce that over 1000
people have registered and that companies continue to be attracted to support the ISB.

The congress will start with the traditional educational tutorials with the highly relevant and
stimulating topics of wearable sensors, imaging and modelling, deep learning and optimal
control in biomechanics: https://isb2021.com/program/tutorials/. We are also extremely
proud to have attracted such an eminent list of Award and Keynote lecturers: https://
isb2021.com/speakers/. In order to promote discussion and insight into some cutting edge
and controversial issues in biomechanics we have a strong focus on five panel debates with
world experts on the topics: the distribution problem in biomechanics and motor control;
markerless vs marker motion capture; scientific peer review; biorobotics; computational
approaches on studying locomotion disorders. Please visit here to find details concerning
these debates and the internationally renowned biomechanists leading them: https://
isb2021.com/program/debates/ Special sessions have been organised by the ISB Hand

and Wrist Biomechanics International and Motor Control Technical Groups and also one on
Computer Simulation.

The congress will also include student social events, student mentoring possibilities and
Advancing Women in Biomechanics sessions. Also, a new format is being explored for
exposing the fantastic sponsors, whom, despite the difficulties experienced during the
Covid-19 pandemic have remained loyal to ISB. The congress sponsor (Qualisys and partners)
and the major sponsors (Vicon, Xsens) will have special sessions in which to present their
companies to all delegates - we are sure this will be a new level of digital exposure for
congress sponsors!

Every effort has been made to make the congress as attractive as possible in the digital
format. We have staggered the days so that material is available to different time zones on
different days, all oral and plenary presentations will be live so that a discussion is possible
and all material will be recorded and available to registered delegates for 30 days after the
congress.

Many generous scientific awards will be presented including two new ISB awards: the
Jaqueline Perry Emerging Female Scientist Award and the World Athletics Award for
Biomechanics.

We are confident that ISB2021 will be a truly exciting event with an exceptional level of
scientific content! We are happy to welcome you to ISB2021, the most gender equal ISB
congress ever.

I edeee (L

Dr. Arndt Dr. Gutierrez Farewik Dr. Fellander-Tsai
Professor in Biomechanics Professor in Biomechanics Professor and senior consultant
Swedish School of Sport and KTH Royal Institute of Technology in Orthopaedics

Health Sciences (GIH) Karolinska Institutet
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07:00 - 07:15

WELCOME

07:15 - 08:15

KEYNOTE LECTURE: MUSIC PERFORMANCE BIOMECHANICS - USING
BIOMECHANICAL PRINCIPLES TO GUIDE REHABILITATION OF INJURED
MUSICIANS (BRONWEN ACKERMANN)

Location: Online

BRONWEN ACKERMANN

Associate Professor Bronwen Ackermann is a specialist musicians’
physiotherapist, musculoskeletal anatomist and medical science
researcher focussing on musicians’ health at the University of
Sydney. Her research has focussed on interventions that can inform
evidence-based approaches to optimising musical performance

as well as preventing, assessing and managing performance-
related injuries in musicians. Her research has utilised technologies
including electromyography, 3D motion capture and fMRI imaging
technology to better understand mechanisms underpinning
healthy and pathological muscle usage patterns during musical
performance. Additionally, she has worked extensively clinically
with musicians using qualitative motion analysis, including video
feedback and fine-motor coordination assessment, particularly for
music-specific actions involving the upper limb, as well as orofacial
and respiratory structures.

She was responsible for developing and leading the intensive Essentials of Performing Arts
Medicine annual training course for the Performing Arts Medicine Association(PAMA) and American
College of Sports Medicine (USA), authored an online e-health training program for musicians (www.
soundperformers.com), led the first international occupational health and safety program for a
national cohort of orchestral musicians (Sound Practice), and worked as the High Performance
Consultant at the Australian National Academy of Music from 2012-2020. Internationally she
collaborates extensively in research, teaches on a wide range of musicians’ health topics, and

has authored over 70 publications. Currently, she is a Humboldt Fellow in Germany, evaluating a
clinical movement retraining program she designed to assess and treat task-specific movement
dysfunctions, specifically embouchure (orofacial) dystonia and focal hand dystonia.

08:15-08:30

Location: Online



08:30 - 09:30

OA1 - ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING

Location: Online
Chair: Kim Duffy

Presentation title/Abstract title Speakers/Authors

8:30 Generating 2D video frames from 3D motion capture Marion Mundt
data: a proof-of-concept study

8:42 Rib injury prediction using machine learning-based Shitij Malik
surrogate models

8:54 A machine learning approach for error detection in Oscar Sten
rowing

9:06 Validation of an Al assisted simple method to study Christoph Leitner

muscle-tendon dynamics during running

9:18 Optimal forefoot rocker parameter prediction using Fredrik Olsson
machine learning

08:30-09:30

OA2 - BIOMEDICAL ENGINEERING

Location: Online
Chair: Elizabeth Clarke

Presentation title/Abstract title Speakers/Authors

8:30 Does a prosthetic toe joint affect mechanics or Kirsty McDonald
preference when persons with limb loss walk over
uneven terrain?

8:42 Influence of excipients and lesions on drug-coated Karthic Anbalakan
balloon therapy

8:54 Change in mechanical properties of cortical bone Fuki Ota
under voltage application for formation of mineral
components

9:06 Production of micro-structured hollow fiber Markus Pekovits

membranes for membrane oxygenators - mimicking
nature to increase mass transport

9:18 Passive ankle exoskeletons influence muscle behaviour James Williamson
during unexpected perturbations

08:30-09:30

OA3 - CLINICAL BIOMECHANICS
Location: Online

Chair: Laura Diamond

Presentation title/Abstract title Speakers/Authors

8:30 How does the prosthetic design affect muscle strength  Iris Mittendorfer
after knee arthroplasty surgery?

8:42 Do bone defects of the greater trochanter affect the Michael Saemann
postoperative femoral fracture risk after total hip
arthroplasty? A biomechanical study
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8:54 Trunk kinematics during walking in adults receiving Tamaya Van Criekinge
total knee arthroplasty: A systematic review

9:06 Ambulatory knee mechanics after ACL repair with Linda Buhl
InternalBrace augmentation compared to healthy
controls

9:18 Estimation and assessment of sagittal spinal curvature Anoosha Pai S
and thoracic muscle morphometry in different
postures

08:30- 09:30

OA4 - IMAGING

Location: Online
Chair: Geoffrey Handsfield

Presentation title/Abstract title Speakers/Authors

8:30 Pose and shape registration of ankle bones using Jeongseok Oh
statistical shape and intensity model during walking

8:42 Preliminary Micro-CT imaging of the human tibial Kieran Bennett
plateau under load

8:54 Can synchrotron phase contrast micro-tomography Maria Pierantoni
uncover how in vivo loading affects the achilles tendon
structure?

9:06 A principal component analysis of infant gastrocnemius Ricardo Florez

growth in the first two years of life

9:18 Quantitative comparison of fascicle length in lower Zhongzheng Wang
limb muscles using 3D freehand ultrasound and
diffusion tensor imaging

08:30-09:30

OA5 - LOCOMOTION: GENERAL + CLINICAL GAIT

Location: Online
Chair: Rosemary Dubbeldam

Presentation title/Abstract title Speakers/Authors

8:30 The feasibility and effectiveness of treadmill-based Christopher McCrum
perturbations for assessing and improving walking
stability in chronic obstructive pulmonary disease: a

pilot study

8:42 Simultaneous measurements of in vivo knee contact Colin Smith
and tendon loading during walking

8:54 Classification of spatiotemporal gait patterns in Daisuke Ichimura
unilateral transfemoral amputees

9:06 Series elasticity facilitates safe plantarflexor muscle- Taylor Dick
tendon shock absorption during perturbed human
hopping

9:18 Musculoskeletal simulation of a gait for a person with  Isna Riski Safira

unilateral transfemoral amputation: The cause of
muscle atrophy



08:30 - 09:30

OAG6 - LOWER EXTREMITIES

Location: Online
Chair: Logan Wade

Presentation title/Abstract title Speakers/Authors

8:30 Comparative effects of conservative and arthroscopic ~ Tamara Grant
management of femoroacetabular impingement
syndrome on lower limb angles and moments

8:42 Accuracy estimation of a MIMU-based functional Paolo Brasiliano
calibration for ankle kinematics assessment

8:54 Effects of 12 different heel rocker designs, configurated Athra Malki
with different rocker radii, apex positions and apex
angles, on plantar pressure

9:06 The effect of a foot strengthening exercise intervention Karen Mickle
on restoring foot strength in people with diabetic
peripheral neuropathy

9:18 The energetic function of the human foot and its Ross Smith
muscles during rapid accelerations and decelerations
08:30-09:30

OA7 - MUSCULOSKELETAL MODELLING

Location: Online
Chair: Sofia Brorsson

Presentation title/Abstract title Speakers/Authors

8:30 Geometrical variations of the hind- and mid-foot and Bryce A Killen
their associated functional consequences

8:42 A mesh contact model for biomechanical simulations Gil Serrancoli
with automatic differentiation

8:54 A model of muscle mechanics elicits the important role Jente Willaert
of increased baseline tone in joint hyper-resistance in
cerebral palsy

9:06 Wave propagation in muscles predicted by a Hill-type  Jiangiao Guo
model with distributed mass

9:18 Accounting for vessel holes in finite element models of Joeri Kok
the femur affects strain prediction
08:30 - 0930
OA8 - ORTHOPAEDICS

Location: Online

Chair: Gustavo Orozco

Presentation title/Abstract title Speakers/Authors

8:30 Cumulative joint damage from repeated mild knee Carina Blaker
injuries over time



étsa
2

8:42 Muscle-tendon morphomechanical properties of non-  Raad Khair
surgically treated Achilles tendon 1-year post-rupture

8:54 Analysis of post-operative osteoblastic activity Félix Dandois
patterns in unicondylar knee arthroplasties slated for
revision

9:06 Dynamic knee loading in the ACL deficient knee Georgios Giarmatzis

9:18 Influence of implant alignment on joint laxity following  Orcun Taylan
medially-stabilized total knee arthroplasty

09:30 - 09:45

Location: Online

09:45 - 10:15

OBJECTIVE FUNCTIONAL ASSESSMENT WITH QUALISYS, DELSYS AND
AMTI

Location: Online

Qualisys invites you to experience the Swedish concept of "Fika": taking a break with friends or
colleagues to relax, talk and share information. In this first session, our partners Delsys and AMTI
will join us to demonstrate a fully integrated, digital workflow to generate a Functional Assessment
report.

Our software, QTM, supports a range of force plates and EMG systems which enables force data
and EMG capture along with the motion capture. During the session, we will present our integration
with AMTI and Delsys and live demos.

The data will be presented in our online report that contains graphs, metrics, video, and a 3D
visualization. The interactive report is easy to use, all data are synchronized, and the different
sessions can be compared easily.

10:15 - 11:45

POSTER SESSION A

Location: Online

Presentation title/Abstract title Speakers/Authors

+ Test test Running ISB 2021 Parnilla Thompson

* Analysis of biomechanical characteristics during the Ukadike Chris Ugbolue
drop-landing phase with bionic shoes: A pilot study

+ Canintraoperative intra-articular loads predict knee Darshan Shah
joint laxity? A Cadaveric Simulator Study

+ A proposal for the definition of anatomical reference Michele Conconi
systems for the bones of the foot and ankle complex

« Muscle activity and fatigue in the context of Dirk Moller
musculoskeletal health complaints in high string
musicians



e

* ACL injury prevention in high knee flexion conditions: a Davide Pavan
new musculoskeletal model

+ Design principles, mechanical testing and functional Paolo Caravaggi
evaluation of a novel custom dynamic Ankle-Foot
Orthosis for drop-foot patients

+ Effects of Tai Chi exercise on postual stability among Yaya Pang
the elderly during stair descent under different levels
of illumination

* Quantification of arm swing during walking in healthy ~ Elke Warmerdam
adults and patients with idiopathic Parkinson’s disease

* Meta-learning for personalized golf swing monitoring ~ Myeongsub Kim
to overcome motion variability between users

+ Identifying the objective of human behavior using SeongWoong Hong
inverse reinforcement learning: A Case of human
postural control

+ Classification of children with fragile X syndrome based Weronika Piatkowska
on gait analysis: A supervised clustering approach

+ FFH detection using SVM with SMOTE, normalization, Bummo Koo
and univariate feature selection

+ SEMG-based finger posture recognition considering Jongman Kim
the re-wearing of an armband sensor

+ Cerebral palsy gait classification based on 3D motion  Joongon Choi
capture data using deep convolutional neural network

* Upper Body Posture Monitoring Using Inertial Hao-Yuan Tang
Measurement Units and Recurrent Neural Network

+ A Biomechanical Testing Platform for the Stability and ~ Wei-Ru Hsu
Mobility Assessment of Extracapsular Stabilization of
Cranial Cruciate Ligament-Deficient Dogs

+ Acute effects of transcranial direct current stimulation  Baofeng Wang
on dynamic postural stability in healthy young adults

+ Evaluation of Position and Variability of the Center of Seobin Choi
Pressure During Walking with Limited Knee Flexion

* Visualising load distribution of the knee throughout Simon Thwaites
kneeling tasks

+ Effects of dual-task training on gait in stroke patients: a Xueyi Zhang
meta-analysis

+ Effects of transcranial direct current stimulation on Changxiao Yu
dynamic postural control: A meta-analysis

+ Evaluation of trunk muscles during horseback riding Kenichi KANEKO
therapy on children with cerebral palsy

« Effects of different pressure lower-body compression &z £
garments on proprioception



Comparison of foot kinematics of toe walking in the
able-bodied to spastic equinus gait of cerebral palsy

Systematic review of in vivo foot and ankle kinematics
during gait measured using a dual lluoroscopic imaging

system

Comfort assessments in a pneumatic cuff system

The differences between bonded and frictional contact
settings in foot-sneaker finite element analysis

Evaluation of muscle function by mechanomyography
during dynamic contraction using microphone and

accelerometer

The functional role of collagen content in the human

cartilage cell microenvironment

Role of actin filament in dynamic changes of
intranuclear strain induced by cyclic stretching

Dynamic responses of cells govern the boundary

instability at the closing wound

Hypoxic postconditioning on astrocyte activationin a

3D cortical stroke model

Biophysical response of human bronchial epithelial

cells to biocides

Arm Profile Score represents ability of activity using
upper limb in individual with stroke.

Lumbar and pelvis statistical shape model to
characterize population shape variations

Evidence literature summary: Patellofemoral pain
in adolescents and objective test routines for the

movement analysis laboratory

Kinematics Comparison of Two Posterior Stabilized
Knee Implants During Daily Activities

The effects of Joint Hypermobility Syndrome on the
kinematics and kinetics of the vertical jump test

Are biomechanics during gait associated with the
structural onset and progression of lower limb
osteoarthritis? A systematic review and meta-analysis

Influence of ankle joint angle on Achilles tendon

stiffness

Assessment of role of iron in neural circuitry of
motor intention on performance of Brain-Computer

Interfaces

Imaging and image processing pipeline for enhanced

connective tissue MRI

Beomki Yoo

Donggiang Ye

Yejin Nam

Yi Yang

Yuki Haruta

Awuniji Linus

Takumi Asakawa

Jeong Hyuntae

Mong Lung Steve Poon

Tae Yoon Kwon

Dain Shim

Nikita Ghosh

Beat Goepfert

Chang Shu

Najla Alsiri

Nicole D'Souza

Evan Crotty

Jagriti Natraj

Meeghage Randika
Perera



Detailed correlation between coronary artery disease
and tissue speckle tracking

Differences in mechanical properties of hurdle bars

Reliability of measuring ACL injury risk associated knee

morphology in adolescent females

The effect of low back pain on plantar pressure during

gait

Effects of different custom-made insoles on pressure-

time integrals in cavus feet during running

Predictive simulation of walking with weak ankle
plantar-flexor using an Al gait controller

ISB recommendations for skin-marker-based multi-
segment foot kinematics

Investigation of the function of walking shoes equipped

with spring on the heel during gait

The effect of functional biomechanics garment for
walking

Long-term Tai Chi practitioners performed better
under dual-task condition during stair ascent

A longitudinal analysis of change of gait stability in
older adults with dementia

Functional insoles improve plantar pressure
distribution during race walking

Population etudy of kinematic gait parameters for
biometric application

A kinematic comparison of overground and treadmill

walking using Al-based gait controllers

Developmental plasticity of locomotor economy in an

avian bipedal model

Plantar fascia stiffness is related to the foot arch

deformability and performance in single-leg drop jump

Adaptations of foot function when hopping on a
damped surface

Knee and ankle joint stiffness during running with
different runaway surfaces

GaitSense: Estimation of knee joint angle for sit-to-
stand (STS) movement activity in Osteoarthritis

Predictive tracking of the knee position for mobile
X-ray imaging

Identifying and comparing hip-knee coordination
patterns in instep and punt kicking using functional
data analysis

Srisakul Chaichuum

Ryo Iwasaki

Antonis Stylianou

Clara Leyh

Mujia Ma

Young-Jun Koo

Alberto Leardini

Hayase Funakoshi

Toshinori Miyashita

Qipeng Song

Sina Mehdizadeh

gipeng song

Gunwoo Park

Mingi Jung

Talayah Johnson

Hiroto Shiotani

Jonathon Birch

Zihan Yang

Gunjanbhai Patel

Seungwoo Yoon

Liwen Zhang



+ Electromyography recordings of the tensor fascia lata ~ Manuela Besomi
muscle during dynamic tasks: A comparison of surface
and fine-wire electrodes

* Removing artificial jumps from kinematic recordings Charlotte Le Mouel
with multiple cameras

* Micro-biopsy fiber mechanics from the medial Paige Rice
gastrocnemius of dancers

* Influence of intermittent blocking of visual information Hitoshi Makabe
on corticomuscular coherence during walking

+ Balance-dexterity task performance in and out of an Jiaxi Tang
episode of low back pain

* The mechanical arrangement of the human Adam Kositsky
semitendinosus muscle as assessed with shear wave
elastography

+ Surgical positioning of the hip joint center during total  Jasvir Bahl
hip arthroplasty and its effects on muscle and hip joint
reaction forces

+ Optimal Design of Elastic Ankle Exoskeleton Using Karthick Ganesan
Optimal Control of Musculoskeletal Model

+ Estimations of knee joint loading using generalized Kieran Bennett
methods and muscle recruitment strategies

+ Effect of sagittal alignment parameters on Mohammad Amin
intervertebral compression forces in asymptomatic Shayestehpour

adolescent girls, during a pubertal growth spurt, using
a thoracolumbar musculoskeletal model

* Improving muscle geometry through via-point Thomas Geijtenbeek
optimization

+ The difference of bilateral tibial load in patients with Ting Long
unilateral anterior cruciate ligament reconstruction

during jogging

+ The effect of functional knee alignment on the knee Williane Bernardes
contact forces during execution of closed kinetic chain
rehabilitation exercises

+ Finite element solver based full-body musculoskeletal ~ Shihao Li
model for multiscale biomechanics

+ Pre-operative planning of high tibial osteotomy using ~ mousa kazemi
musculoskeletal and finite element models

* Is hallux valgus responsible for metatarsus primus Yuya Qishi
varus?

+ Cartilage thickness is coupled to bone shape in healthy Marco Schneider
knees and varies with sex

* How do Bone Measurements Change with Growthina Laura Carman
Paediatric Population?



Increased Loading Rates During Gait Correlate with
Morphology of Unaffected Hip in Juveniles with Treated
Developmental Hip Dysplasia

Whole-body sagittal plane angular momentum during
running in unilateral transfemoral amputees

Proprioceptive neuromuscular facilitation improves
symptoms in older adults with knee osteoarthritis

The effects of impaired foot plantar sensitivity on
plantar pressure distribution during walking

Providing gravitational support using a direct-
drive linear actuated assistive robot for shoulder
rehabilitation

Internal work could be used to estimate energy
expenditure at various running intensities.

Effects of training volume on lower limb kinematics
in fast and slow running speed conditions in elite
marathoners

Shifts of tibiofemoral joint forces across the entire
period of a half marathon

Effects of running speeds and footwear on achilles
tendon loading in elite marathoners with different
training volumes

Foot motion analysis using a stretch strain sensor
during gait and running

Effects of training volume and running shoes on the
patellofemoral joint loading in elite marathoners

Effects of the arch span of a carbon-plated midsole on
running shoe energy transformation--a finite element
study

Influence of the functional foot supporter on the foot
motion during locomotion

FEM Driven plantar foot orthosis for diabetric foot
prevention.

Computational framework to perform parametric CFD
studies from a patient-specific left atrium

Assigning trabecular bone material properties to total
hip arthroplasty finite element models of the pelvis
with peri-prosthetic osteolytic lesions

Construction of subject-specific foot finite element
model based on foot surface scan

Osteoporosis vertebral compression fracture finite
element simulation and expendable bone implant
system evaluation

WEI-CHUN LEE

Genki Hisano

Qipeng Song

Mengzi Sun

Soroosh Haji
Hosseinnejad

Bumjoon Kim

Ligin Deng

Tony Lin-Wei Chen

Xini Zhang

Kodai Sakamoto

Bin Shen

Tony Lin-Wei Chen

Shintarou Kudo

Alfredo Ciniglio

Jorge Duefas Pamplona

Thomas Grace

Yinghu PENG

Kit-leng Cheang
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*+ Feasibility analysis of method for obtaining muscular TZU-LING CHEN
data of forearm using musculoskeletal simulation

* An OpenSim-based musculoskeletal model controlled = Makoto Yoshida
by neural oscillators that generates human gait
patterns

+ Estimation of knee ligament forces during non-resisted Yu-Ting Chen
and resisted pedaling using finite element analysis

+ Simulating subject-specific spine mechanics: An Laura Meszaros
integrated finite element and neuro-musculoskeletal
modelling framework

« Biomechanical analysis of the stick handling in field Alfredo Ciniglio
hockey: kinematics and kinetics assessment

*+ Intra-subject repeatability of joint angle measurement Aminreza Khandan
during skating on synthetic ice

+ Looking for the ideal sprint stride: how would sports Andrey Pomerantsev
results change if all strides were perfect

+ Grip socks reduce in-shoe sliding but not actual change Charlotte Apps
of direction performance

* Reproducing the characteristics of muscle fatigue Jinsung Jung
change through sEMG analysis based on joint
mechanical work during upper limb repetitive rotation

+ Feedback-based running retraining for impact Pieter Van den Berghe
reduction: The relationship between peak tibial
acceleration and step frequency

* The effect of cadences on lower extremity Qi Li
biomechanics during stair ascent and descent

+ Analysis flat service in tennis RAJINIKUMAR
PALANIYAPPAN

+ Kinematics Analysis of a Malaysian Female Elite Tenpin  Victoria Chin Quan Weoi
Bowler A Case Study

+ Analysis of pacing strategy adopted by long-distance XIANSHUANG YUAN
cross-country skiers

+ Biomechanics of fast bowling in men'’s cricket using Ammar Waheed
wearable sensors

+ Combinations of release parameters for accurate Ayane Kusafuka
baseball pitching

* The applied analysis of kayaking ergometer with Jiaxiang Yan
different drag resistance in kayak training: a plot study

+ Gait velocity influence dynamic gait stabilty in a dual-  Jingwen Wang
task paradigm

+ The effect of different illumination levels and Tai Chi Qipeng Song
exercise on the postural stability of the elderly during
stair ascent



e

Optimization of the whole-body motion to minimize
the muscle-tendon length of biceps femoris long head
during the late swing phase of high-speed running

Does the canoe-kayak ergometer with the
electromechanical drag force have a good
performance during training?

The biomechanical characteristics and rules could
improve injury risks during race walking

Long-term Tai Chi Practitioners were less influenced by
the dual-task paradigm during stair descending

Backpack weight influence postural control among
children with obesity during stair descent

Sex differences in foot kinematics and kinetics during
drop-jump using a novel multi-segment foot model

Acute effect of transcranial direct current stimulation
on rowing endurance performance: a double-blind,
randomized, crossover plot study

Proprioceptive neuromuscular facilitation improves
descending mechanics among knee osteoarthritis
patients

Development of squat-exercise support system using
kinect sensor for persons with intellectual disabilities

Directional Dependence of Uniaxial Response
Characteristics of the Porcine Thoracic Aorta

Ventricle of terrestrial Anura is stiffer than that of
aquatic Anura due to differences in collagen density

The importance of inertial measurement unit
placement in assessing upper limb motion

Comparing surface and intramuscular
electromyography patterns of the brachialis muscle
during the dynamic elbow movement.

System identification to characterise shoulder stiffness
in a functional posture at various levels of muscle
contraction

Assessing Upper Extremity Function by Applying
Sensor-Embedded Device

Quantify hand tremor of Parkinson’s disease based on
Channel State Information

Positioning effects of GPS Sensors during running

Evaluating The Validity Of An Inertial Measurement
Unit For Determining Knee And Trunk Kinematics
During Athletic Landing And Cutting Movements

Terumitsu Miyazaki

Weilan He

Song Qipeng
Xiaoli Ma
Xinheng Che
Yuka Sekiguchi

Zhigiang Liang

Qipeng Song

Kazuyuki Mito
Manoj Myneni
Megumi Ito
Fredrik Ohberg

Shota Date

Yahya Z. Yahya

Charlie C. Ma
Hui-Hsin Chen

Clint Hansen

Lionel Chia
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+ Is the Standing Long Jump Specific-Shoe really Yang Song
Necessary for Chinese Students?

+ Development of snowboard force measurement Yun Chen
system

+ Locomotor changes in knee osteoarthritis patients Dominic Thewlis

during a 6-minute walk test

+ Astudy on the hip joint mechanism of the exoskeletal ~ Mingoo Jeong
robot to improve the assistance performance

+ The 3D CoM kinematic estimation using a simple Myunghyun Lee
machine learning for portable gait monitoring

+ Design and verification of bio-mimetic knee joint Taeyeon Kim
mechanism for exoskeletal robots

+ Relationship between A2 Pulley Venting and resultant  Tyler Shipley
Flexor Tendon Superficialis Slack

+ Archery gesture segmentation with wearables in both  Lorenzo Rum
able-bodied and Paralympic athletes

11:45 - 12:00

POSTER QUIZ

Location: Online

12:00 - 13:00

OB1 - CLINICAL BIOMECHANICS

Location: Online
Chair: Felipe Carpes

Presentation title/Abstract title Speakers/Authors

12:00 In vivo mechanoresponse of articular cartilage before  Annegret Mindermann
and after load modifying surgery in patients with
medial compartment knee osteoarthritis

12:12 Tibio-femoral kinematics of natural versus replaced Barbara Postolka
knees - A comparison using dynamic videofluoroscopy

12:24 High tibial osteotomy effectively redistributes Enrico De Pieri
compressive knee loads during walking

12:36 Effect of additional training weight on tibiofemoral llse Jonkers
contact forces during a forward lunge

12:48 Assessment of variations in scapular morphology and  Nazanin
bone quality in patients with B glenoids Daneshvarhashjin



12:00 - 13:00

OB2 - MUSCULOSKELETAL MODELLING

Location: Online
Chair: Taylor Dick

Presentation title/Abstract title Speakers/Authors

12:00 Biomechanical analysis of industrial exoskeletons Ulrich Glitsch
12:12 Impact of personalized geometry and motor control on Hans Kainz
musculoskeletal simulation results - How much detail is
needed?
12:24 Predictive simulations of hemiparetic gait to explore Tom Buurke

the effects of muscle weakness on walking asymmetry
and energetics

12:36 Altered triceps surae muscle dynamics and force Wannes Swinnen
demand at different stride frequencies

12:48 A multiscale constitutive description for load bearing Christopher Miller
soft biological tissue that incorporates the interfibrillar
sliding of constituent collagen.

12:00 - 13:00

OB3 - SPECIAL: HAND & WRIST BIOMECHANICS |

Location: Online
Chair: Verénica Gracia Ibafiez, Co-Chair: Zong-Ming Li

Presentation title/Abstract title Speakers/Authors

12:00 Scan-driven fully automated pipeline for a Yair Herbst
personalized, 3D printed low-cost prosthetic hand

12:12 Complementary functions of the joint morphology Wan Mohd Radzi Rusli
and ligaments in providing stability to first the
carpometacarpal joint

12:24 Uniformity of performance during the collection of Mercedes Aramayo
maximum voluntary contraction tasks for the muscles Gomes Rezende
of the wrist

12:36 The effect of wrist posture on grip and muscle force Mathieu Caumes

capacities: comparison of a prehensile and a non-
prehensile task

12:48 Characteristics of palmar and dorsal flexion muscle Kazuhiro IKEDA
strength in college baseball players

1200 00

OB4 - SPECIAL SESSION: MOTOR CONTROL IN IMPAIRED POPULATIONS

Location: Online

Chair: Paola Contessa, Co-Chair: James Richards

Presentation title/Abstract title Speakers/Authors

12:00 Unrestricted age-related compensation in a daily life Eline van der Kruk
sit-to-walk task
12:12 Quantification of inter-limb coupling during bilateral Peter Raffalt

stance in individuals with transtibial amputation



-
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12:24 Development of spontaneous motor activity with age ~ Catherine Disselhorst-
in healthy infants and infants with infantile cerebral Klug
palsy

12:36 Lumbar extensor muscle isometric torque steadiness  Michail Arvanitidis

and torque-HDsSEMG coherence is altered in individuals
with chronic low back pain

12:48 Analysis of spectral attributes of surface Weronika Piatkowska
electromyography during gait in children with Fragile X
Syndrome
12:00 - 13:00

OB5 - SPORT BIOMECHANICS

Location: Online

Chair: Ton van den Bogert

Presentation title/Abstract title Speakers/Authors

12:00 Drop-landing asymmetries are related to knee Katherine Collins
symptoms 6-months following ACL reconstruction

12:12 Elbow load variability in youth elite baseball pitchers Bart van Trigt
12:24 Whole-body angular momentum and external torque  Paul Sandamas
during the block phase of the sprint start
12:36 Injury and surgery are associated with shoulder Hannah Stokes
external rotation during exam and baseball pitching
12:48 How running biomechanics influence the occurrence of Qipeng Song
iliotibial band syndrome
12:00 - 13:00
OB6 - SPINE & TRUNK

Location: Online
Chair: Veronique Feipel

Presentation title/Abstract title Speakers/Authors

12:00 Cervical spine injuries observed in misdirected rugby Dario Cazzola
tackles are not caused by a hyperflexion mechanism

12:12 Spinal palpation error and its impact on marker-based Pieter Severijns
spinal curvature estimation in adult spinal deformity

12:24 Baricentricity of spinal alignment and posture in Sasa Cukovic¢
adolescent idiopathic scoliosis: Optical diagnosis

12:36 Fear-avoidance beliefs are not related to stoop-squat-  Stefan Schmid
behavior during object lifting in healthy pain-free
adults

12:48 Subject-specific muscle forces in the lumbar spine are  Jude Meakin

correlated to lumbar curvature



12:00 - 13:00

OB7 - SIMULATION TECHNIQUES AND APPLICATIONS

Location: Online

Chair: Maria Pierantoni

Presentation title/Abstract title Speakers/Authors

12:00 FEBio and ABAQUS with fibril-reinforced biphasic Alexander Paz
models of knee articular cartilage produce similar
mechanical responses during gait

12:12 The effect of soft tissue modeling on tibiofemoral Elaheh Elyasi
stress distribution in models of high tibial osteotomy
and its importance for making simulation-based
clinical decisions

12:24 An agent based model of the vibration-induced arterial Maha Reda
growth: feeding the model parameters by cellular tests

12:36 Numerical discretization of trabecular bone based on  Yijun Zhou
Voronoi tessellation

12:48 Rapid X-ray-based 3-D finite element modeling of knee sana Jahangir
joint cartilage biomechanics

12:00 - 13:00

OB8 - POSTURE AND BALANCE

Location: Online
Chair: Andresa Germano

Presentation title/Abstract title Speakers/Authors

12:00 Forefoot or ankle - which really affects balancing skills? Rosemary Dubbeldam

12:12 How static and dynamic balance changes with age: the Lizeth Sloot
risk of sitting down

12:24 Concurrent assessment of posture and saccades -- Yu Imaoka
connecting with cognitive function through immersive
virtual reality

12:36 Towards a new biomechanical model to explain upright Cleveland Barnett T.
postural control in unilateral transtibial prosthesis
users
12:48 Sensitivity of biomechanical responses in path Robin Remus
optimized follower loads considering the lumbosacral
load sharing
13:00 - 13:45

LUNCH BREAK

Location: Online



13:45 - 14:45

PANEL DEBATE: THE DISTRIBUTION PROBLEM IN BIOMECHANICS AND
MOTOR CONTROL: HOW CAN WE MEASURE, PREDICT AND VALIDATE IN

VIVO MUSCLE FORCES?

Location: Online

SPEAKERS:

MODERATOR:

Ton van den Bogert, Friedl de Groote, Walter Herzog, Lanie Gutierrez-

Cleveland State Katholieke Universiteit University of Calgary Farewik, KTH

University (USA) Leuven (Belgium) (Canada) MoveAbility Lab
(Sweden)

- (experimental and - (theoretical) - (experimental)

theoretical)

13:45 - 14:45

PANEL DEBATE: MARKERLESS VS. MARKER-BASED MOTION CAPTURE

Location: Online
SPEAKERS:

MODERATOR:

Julia Stebbins,

PhD, Oxford Gait
Laboratory, Nuffield
Orthopaedic Centre
(United Kingdom)

14:45 - 15:00

Kevin Deluzio,
Professor, Queen’s
University, Ontario
(Canada)

Michael Rainbow,
Assoc. Professsor,
Skeletal Observation
Laboratory,

Queen’s University,
Ontario (Canada)



15:00 - 16:00

WARTENWEILER AWARD LECTURE: SUSAN S. MAGULIES

Location: Online

SUSAN S. MARGULIES

The Wartenweiler Memorial Lecture is given to honour Prof.
Jurg Wartenweiler (1915-1976), first President of the ISB, who
organized the First International Seminar on Biomechanics in
Zurich, Switzerland (1967).

Wallace H. Coulter Chair, Biomedical Engineering

Georgia Institute of Technology and Emory School of Medicine

GRA Eminent Scholar in Injury Biomechanics

Dr. Margulies is the Chair of the Wallace H. Coulter Department of Biomedical Engineering at

Georgia Tech and Emory University, and the Georgia Research Alliance Eminent Scholar in Injury
Biomechanics. She received her BSE in Mechanical and Aerospace Engineering at Princeton and

PhD in Bioengineering from the University of Pennsylvania, and was a post-doctoral fellow at Mayo.
With over 30 years of experience in the areas of traumatic brain injury research and pulmonary
biomechanics, Dr. Margulies has secured over $35 million in federal, private, and industry funding to
discover injury mechanisms on the macro and micro scales, and translate basic research findings to
improve clinical outcomes. Dr. Margulies is a Fellow of the American Society of Mechanical Engineers,
Biomedical Engineering Society, and American Institute for Medical and Biological Engineering, and a
Member of the National Academy of Engineering and National Academy of Medicine.

The Wallace H. Coulter Department of Biomedical Engineering at Emory University and Georgia
Institute of Technology is the only public-private inter-institutional BME department in the nation
and is a national leader in translational biomedical engineering research and education. Faculty
research focuses on cell manufacturing technologies, biomaterials, imaging and instrumentation,
informatics and systems modeling, biomedical robotics, cardiovascular engineering,
immunoengineering, neuroengineering, cancer technologies and innovative engineering education
methods. Coulter BME is top ranked in the nation (#2) for PhD and undergraduate programs, and
graduates the largest number of female and under-represented biomedical engineers annually.

16:00 - 22:00

SOCIAL MINGLE

Location: Online
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10:45-11:45

STUDENT HAPPY HOUR

Location: Online

11:45 - 12:00

SHORT WELCOME

Location: Online

12:00 - 13:00

KEYNOTE LECTURE: THE ROLE OF BIOMECHANICS IN EVIDENCE-BASED
PARALYMPIC CLASSIFICATION (YVES C. VANLANDEWYCK)

Location: Online

YVES C. VANLANDEWIJCK

Yves C. Vanlandewijck is Professor in Rehabilitation Sciences
at the Faculty of Kinesiology and Rehabilitation Sciences of
the University of Leuven, Belgium, and guest-professor at the
Swedish School of Sport and Health Sciences (GIH), Stockholm,
Sweden. His research interests include exercise physiology,
biomechanics and ergonomics, applied to individuals with
locomotor impairment, in a rehabilitation to elite sports
continuum. His main research applications focus on the
development of evidence-based classification systems in
Paralympic sports to ensure fairness in athletic competition
categories. Since 2014, the research unit of Prof. Yves
Vanlandewijck is recognized and funded by the International
Paralympic Committee (IPC) as the Research & Development
Centre for Classification in Athletes with Intellectual
Impairment.

From 1997 to 2001, Prof. Yves Vanlandewijck was the vice-president of the International Federation
of Adapted Physical Activity; he is the founding editor of the European Journal of Adapted Physical
Activity and the editor of the IOC Series Books "The Paralympic Athlete” (2011) and "Training &
Coaching the Paralympic Athlete” (2016). He was a member of the IOC Medical and Scientific
Working Group and member of the Associations Board of the International Council of Sport Science
and Physical Education. He is a member of the Sport Science Committee of the IPC since 1995 and
Chairperson from 2003 to 2018. In 2017, Prof. Yves Vanlandewijck delivered the Joseph B. Wolffe
Memorial Lecturer opening the ACSM Annual Meeting in Denver, Colorado, with a lecture entitled:
"Crossroads and Conflicts - Olympics, Paralympics or Cyber Olympics”. In 2019, he received the
Paralympic Scientific Award for his lifetime contribution to Paralympic research and the Paralympic
Movement.




13:00 - 13:30

INNOVATIVE ANALYSIS OF JAW MOVEMENT WITH QUALISYS AND DELSYS

Location: Online

In the second part of our daily "Swedish Fika” breaks, Delsys joins Qualisys to demonstrate the
latest EMG and Motion Capture innovations, using Delsys Quattro sensors and Arqus A26 cameras
to perform an analysis of jaw movement.

Our software, QTM support Delsys Quattro digital integration which enables EMG data capture
along with the motion capture. During the session, we will present our integration together with the
Delsys team and do a live demo.

13:30 - 13:45

Location: Online

13:45 - 14:45

OC1 - LOWER EXTREMITIES

Location: Online
Chair: Janet Dufek

Presentation title/Abstract title Speakers/Authors

13:45 Can electrical noise stimulation improve the perception Claudio Zippenfennig
of vibration stimuli in patients with diabetes mellitus?

13:57 Contraction intensity does not influence the elastic Denis Holzer
and contractile components of the muscle-tendon
unit performance enhancement in stretch-shortening
cycles

14:09 Comparing eight normalization methods for net joint Steven Hirsch
moment data in the single-leg squat

14:21 Is non-uniform achilles tendon displacement Taija Finni
associated with calf muscle passive elastic modulus in
young athletes?

14:33 Modulating achilles tendon loading during gait with a Dylan Schmitz
resistive soft ankle exosuit

13:45 - 14:45

OC2 - MEDICAL DEVICES

Location: Online

Chair: Annegret Mindermann

Presentation title/Abstract title Speakers/Authors

13:45 O2-enrichment device based on membrane separation Christoph Janeczek
for early phases of respiratory insufficiency

13:57 Fatigue resistance of nitinol stents subjected to walk- Ran He
induced femoropopliteal artery motion



14:09 Explicit and implicit FE-models capture the mechanical Susanne Lewin
response of calcium phosphate-titanium cranial
implants

14:21 Experimental validation of the gross taper failure Valerie Polster
mechanism in total hip arthroplasty

14:33 Comparison of total ankle replacement designs usinga Maria Ruiz
dynamic computational model of the foot and ankle

13:45 - 14:45

OC3 - METHODOLOGIES AND DATA ANALYSIS

Location: Online
Chair: Gillian Weir

Presentation title/Abstract title Speakers/Authors

13:45 An open-source algorithm for automatic labelling of Allison Clouthier
optical motion capture markers using deep learning

13:57 The performance of open-source pose estimation Laurie Needham
algorithms during walking, running and jumping

14:09 Can leap motion controller replace conventional Amartya Ganguly
marker-based motion capture systems?

14:21 Under-shoe hydrodynamics correlate with film Sarah Hemler
thickness predictions based on worn tread geometry

14:33 Quantifying the hip-ankle synergy in short-term Louise Burnie
maximal cycling

13:45 - 14:45

OC4 - MUSCULOSKELETAL MODELLING

Location: Online
Chair: Claudia Mazza

Presentation title/Abstract title Speakers/Authors

13:45 Hill-type computational models of skeletal muscle- Luca Modenese
tendon actuators: a systematic review

13:57 Muscle-specific intramuscular passive properties are Benjamin Binder-Markey
required to accurately scale passive muscle mechanics

14:09 Motor-units matter: enriching continuum-mechanical ~ Harnoor Deep Singh
skeletal muscle models with neuromuscular Saini
information

14:21 A mechanistic model of muscle force and impedance Matthew Millard

14:33 3D modeling of length and lever arm of David Biteau

sternocleidomastoid and scalenus muscles in

respiratory movement
13:45 - 14:45

OC5- ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING

Location: Online

Chair: Anne Koelewijn
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Presentation title/Abstract title Speakers/Authors

13:45 Automated and personalized pose registration from Florian Vogl
x-ray images using convolutional networks

13:57 Assessment of a novel deep learning-based marker- Laurent Gajny
less motion capture system for clinical gait analysis

14:09 Towards real-time estimation of joint moments during  Sina David
fast sidestepping

14:21 Towards standardising a machine learning approach Yong Kuk Kim
for automated and accurate event detection for human
gait

14:33 Muscle synergies enable accurate joint moment Yixing Liu

prediction using few EMGs
13:45 - 14:45

OC6 - SPORT BIOMECHANICS

Location: Online
Chair: Michael Asmussen

Presentation title/Abstract title Speakers/Authors

13:45 The influence of bicycle lean on maximal power output Ross Wilkinson
during sprint cycling

13:57 Racing in the street -- Whole-body vibration during Timothy Holsgrove
road cycling and the effect of different equipment
choices to minimise it

14:09 Sleep parameters and soccer kicking performance in Fabio Augusto Barbieri
youth players

14:21 Sagittal plane lower extremity joint demands of the Guanrong Cai
golf swing in novice older adult golfers
Should major league baseball adjust the mound Megan Stewart
height?

13:45 - 14:45

OC7 - SPECIAL: HAND & WRIST BIOMECHANICS II

Location: Online
Chair: Kai-Nan An, Co-Chair: Angela Kedgley

MARC GARCIA-ELIAS

Dr. Garcia-Elias was born in Terrassa (Spain) the 6th of October of 1954.

He graduated in1978 at the Universitat Autbnoma Medical School,
Barcelona, Spain. He obtained his certification as specialist in
Orthopaedic Surgery in 1982, and his doctoral degree (PhD) by the
University Autonoma of Barcelona, Spain in 1985. From 1986 to 1989, he
worked as visiting scientist at the Orthopedic Biomechanics Laboratory
of the Mayo Clinic. Since returning to his homeland, he has kept his
interest in basic science of the upper limb. Since its foundation in

1994, Dr Garcia-Elias co-directs the Institut Kaplan for Hand Surgery in
Barcelona, Spain. He is PhD coordinator of the Upper Limb Biomechanics
laboratory of the Department of Anatomy of the Universitat Autonoma
de Barcelona Medical School, in Bellaterra, Barcelona, Spain.
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Since 2019, he is also President of the International Federation of Societies for Surgery of the

Hand (see https://www.ifssh.info/officers.php). His areas of major interest are the anatomy and
biomechanics of the wrist and the treatment of wrist and distal radioulnar instability. He has
published 3 books, 74 chapters, and 168 peer reviewed (Pubmed indexed) articles, most of them on
the anatomy and biomechanics of the wrist, or on surgery of the carpus and distal radioulnar joint

instability.
Presentation title/Abstract title Speakers/Authors

13:45 My current understanding of wrist dynamics Marc Garcia-Elias

14:09 Fused with motion: A biomechanical comparison of Frederick Werner
dart throw motions after partial wrist fusions

14:21 In vivo validation of musculoskeletal model of the wrist Oluwalogbon Akinnola
featuring a consistent anatomical data set

14:33 Palmar musculature and its role as a dynamic Ronit Wollstein
compressor of the carpal tunnel

13:45 - 14:45

OC8 - CLINICAL BIOMECHANICS

Location: Online
Chair: Seong-won Han

Presentation title/Abstract title Speakers/Authors

13:45 Biomarkers of knee joint healing following anterior Lisa Ek Orloff
cruciate ligament reconstruction: a systematic review

13:57 Biomechanical simulation of lung-tumor motion based Maida Ranjbar
on surface imaging

14:09 In-vitro bi compartmental approach to assess intra- Marc-Olivier St-Pierre
capsular pressure in the hip joint during movements:
Is the acetabular cavity also presents pressure
fluctuations as the capsular chamber?

14:21 Closing the kinetic chain: Weight-bearing versus non- Michael Del Bel
weight bearing maximal force generation and its
relation to patient reported outcomes in ACL injured
males and females

14:33 Towards the usage of embedded prosthesis sensors Sabina Manz
for real-life gait analysis of amputee subjects

14:45 - 15:30

LUNCH BREAK

Location: Online

MAJOR SPONSOR WORKSHOPS



15:30 - 16:00

GENERATING AUTOMATED REPORTS WITH XSENS, BRIDGING THE GAP
BETWEEN DATA AND ANALYSIS

Location: Online

With MVN Reports you can easily generate automated reports for Health, Ergonomics and Sports.
Powered by the new Xsens MotionCloud platform, MVN Reports instantly present complex
movement data in an accessible, easy-to-read report. In this workshop we will show you how

you can easily generate an automated Gait Analysis report with MVN Reports. In as little as a few
minutes, a full standardized report with relevant data for that specific application is created. Also,
the motion data is visualized as a 3D avatar. This report is automatically generated on the Xsens
MotionCloud platform. The data is processed in the unique "Xsens Sensor Fusion Engine, providing
accurate and validated data. All that's required is an Xsens MVN motion capture setup and access to
Xsens MotionCloud. During this workshop, we would like to give you an insight in the functionalities
of MVN Reports and the reports roadmap. Also, we would like to give you an in-depth introduction
to the Gait Analysis report specifically.

15:30 - 16:00
PANEL DISCUSSION ON HOW TECHNOLOGY IS USED IN RESEARCH AND
WOMEN IN BIOMECHANICS.

Location: Online

Hear what 5 top biomechanists have to say about their own research, how they use technology to
help answer those research questions, and Women in Biomechanics.



16:00 - 17:00

PANEL DEBATE: PEER REVIEW IN SCIENCE

Location: Online

SPEAKERS: MODERATOR:

Benno Nigg Walter Herzog, Katherine Boyer,

Founder and Chief University of University of

Science Officer Calgary (Canada) Massachusetts
Ambherst (USA)

16:00 - 17:00

PANEL DEBATE: BIOROBOTICS - HOW BIOLOGY WILL INFORM THE
NEXT-GEN MACHINES

Location: Online

SPEAKERS: MODERATOR:

Auke ljspeert, Yulia Sandamirskaya, Francisco Valero-Cuevas,
EFPL (Lausanne, University of Zurich and University of Southern
Switzerland) ETH (Switzerland) Californa (USA)



17:00-17:15

Location: Online

17:15-18:15

OD1 - WIRELESS SENSORS AND WEARABLE DEVICES

Location: Online

Chair: Lauren Benson

Presentation title/Abstract title Speakers/Authors

17:15 Development of a channel identification algorithm Elisa Romero Avila
for an autonomously usable 16-channel SEMG sensor
system

17:27 Surface EMG-based AAC technology for recognition of  Jennifer Vojtech

silent prosodic speech

17:39 An open-source workflow for IMU-based kinematics Johanna O'Day
over long durations

17:51 From feasible to practical: Progress in the development Laura Judson
& validation of wearables for accurately monitoring
tibial bone forces in the real-world

18:03 Measuring trunk motion during on-site wheelchair Marit van Dijk
propulsion using inertial measurement units
17:15-18:15

OD2 - INJURIES AND REHABILITATION

Location: Online

Chair: Hannah Rice

Presentation title/Abstract title Speakers/Authors

17:15 Diffusion and advection of pro-inflammatory cytokines Joonas Kosonen
in injured articular cartilage under mechanical loading

17:27 Effects of functional resistance training on gait Alexa Johnson
biomechanics following anterior cruciate ligament
reconstruction

17:39 A Prospective Study Linking Changes in Dynamic Gerard Aristizabal Pla
Center of Mass Motion With Lower-Limb Overuse
Injuries Using a Single Trunk-Mounted Accelerometer

17:51 Consistency of athlete lower-limb work distribution Holly Jones
across unilateral and bilateral tasks after ACL
reconstruction

18:03 A hierarchical clustering approach for examining Jack Martin
potential risk factors for bone stress injury in runners



17:15-18:15

OD3 - SPORTS AND EXERCISE FOR PERSONS WITH IMPAIRMENT

Location: Online
Chair: Mary Rodgers

Presentation title/Abstract title Speakers/Authors

17:15 Effect of seat configuration on joint power distribution J@rgen Danielsen
and performance in an elite Paralympic rower: a case
study

17:27 Validation of a new sport specific trunk test battery for Anna Bjerkefors
paracanoe

17:39 The impact of leg impairment on strength and race Johanna Liljedahl

performance in elite para-cyclists

17:51 Kinematic and kinetic performance variables during Johanna Rosén
paddling among para-kayak athletes with unilateral
above or below knee amputation

18:03 Towards a standardized and individualized lab-based Rowie Janssen

protocol for wheelchair-specific exercise capacity
testing of wheelchair athletes: a scoping review

17:15-18:15

OD4 - SPECIAL: HAND & WRIST BIOMECHANICS IlI

Location: Online
Chair: Frederick Werner, Co-Chair: Jennifer Nichols

Presentation title/Abstract title Speakers/Authors

17:15 Biomechanical evaluation of a fracture fixation system Rena Mathew
for transverse fractures of the metacarpal neck

17:27 Reproducibility of Trapeziometacarpal Joint Angle Michael Kuczynski
Measurements Using Dynamic CT

17:39 Three-dimensional carpal tunnel reconstruction Hui Zhang
and analysis using multimodal co-registration of
ultrasonography and computed tomography

17:51 Model of the Midcarpal Joint Accounting for Structural ~ Ronit Wollstein
Difference
18:03 An implantable differential mechanism to restore Suraj Chakravarthi Raja
individuated finger flexion following tendon transfer
surgery
17:15-18:15

OD5 - DAVID WINTER YOUNG INVESTIGATOR ORAL SESSION

Location: Online
Chair: Timothy Derrick

Presentation title/Abstract title Speakers/Authors

17:15 Development and validation of FootNet, a new Adrian Rivadulla
kinematic and deep learning-based algorithm to detect
foot-strike and toe-off in treadmill running
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17:27 Semi-automatic quantification of muscles Arthur Jourdan
deformations during controlled exercises: application
to the abdominal wall

17:39 Biceps femoris long head fascicle length increases Melissa Boswell
after 3 weeks of eccentric exercise training are due to
sarcomere lengthening rather than serial sarcomere

addition

17:51 Development of a high-density EMG-driven Hill-type Arnault H D Caillet
muscle model

18:03 Fibril-reinforced poroelastic properties of normal Mohammadhossein
and osteoarthritic human femoral, tibial, and patellar ~ Ebrahimi
cartilage

17:15-18:15

OD6 - SPECIAL: SIMULATION OF LOCOMOTION |

Location: Online
Chair: Friedl De Groote, Co-Chair: Tom Buurke

KAREN LIU

C. Karen Liu is an associate professor in the Computer Science
Department at Stanford University. Prior to joining Stanford, Liu was

a faculty member at the School of Interactive Computing at Georgia
Tech. She received her Ph.D. degree in Computer Science from the
University of Washington. Liu’s research interests are in computer
graphics and robotics, including physics-based animation, character
animation, optimal control, reinforcement learning, and computational
biomechanics. She developed computational approaches to modeling
realistic and natural human movements, learning complex control
policies for humanoids and assistive robots, and advancing fundamental
numerical simulation and optimal control algorithms. The algorithms
and software developed in her lab have fostered interdisciplinary
collaboration with researchers in robotics, computer graphics,
mechanical engineering, biomechanics, neuroscience, and biology. Liu
received a National Science Foundation CAREER Award, an Alfred P. Sloan
Fellowship, and was named Young Innovators Under 35 by Technology
Review. In 2012, Liu received the ACM SIGGRAPH Significant New
Researcher Award for her contribution in the field of computer graphics.

Presentation title/Abstract title Speakers/Authors

17:15 Simulating Human Movements for Assistive Robotics Karen Liu

17:39 Evaluating and combining cost function criteria to Kirsten Veerkamp
predict healthy gait

17:51 Simulations of walking with an ankle-foot Maarten Afschrift

exoskeleton to evaluate the predictive capability of
neuromechanical models

18:03 Three-dimensional knee reduces metabolic cost and Ross Miller
joint loading in simulated running



17:15-18:15

OD7 - BIOMEDICAL ENGINEERING

Location: Online
Chair: Daniel Benoit

Presentation title/Abstract title Speakers/Authors

17:15 Neck muscle network topology analysis in people with  David Jimenez-Grande
chronic neck pain

17:27 Quantitative evaluation of hypomimia in Parkinson'’s Elena Pegolo
disease: a face tracking approach

17:39 A model for the biomechanical assessment of Salim Ghandour
discoplasty in a laboratory setting

17:51 Microfluidic integrated biosensor for the detection of ~ Anupriya Singh
osteoarthritis

18:03 Micro- structured hollow fiber membranes - reducing  Paul Ecker
the main transport resistance in membrane
oxygenators

17:15-18:15

OD8 - ANIMAL AND COMPARATIVE

Location: Online
Chair: Judith Meakin

Presentation title/Abstract title Speakers/Authors

17:15 Morphological determinants of glenohumeral mobility ~ Erin CS Lee

in primates
17:27 Lateral stability and the frontal shape of land animals  Neelima Sharma
17:39 How some insects adhere to underwater surfaces Pranav Sudersan
17:51 Relatively shorter muscle lengths increase the Owen Beck

metabolic rate of cyclic force production

18:03 Cadaveric demonstration of a novel stretchable sensor Qiang Zhang
to wirelessly measure musculoskeletal soft tissue
strains during passive limb motion

18:15-18:30

Location: Online



18:30 - 19:30

MUYBRIDGE AWARD LECTURE: SCOTT L. DELP

Location: Online
Chair: Friedl De Groote

SCOTT L. DELP

The Muybridge award is the most prestigious award of the Society.

It is awarded for career achievements in biomechanics. The award

is named after Eadward Muybridge (1830-1904), who was the first to
use cinematography for the study of human and animal movement.
Scott L. Delp, Ph.D., is the James H. Clark Professor of Bioengineering,
Mechanical Engineering, and Orthopaedic Surgery at Stanford University.
He is the Founding Chairman of the Department of Bioengineering at
Stanford, Director of the RESTORE Center, a NIH national center focused
on measuring real world rehabilitation outcomes, and Director of the
Mobilize Center, a NIH National Center of Excellence focused on Big
Data and Mobile Health. Scott is focused on developing technologies to
advance movement science and human health.

Software tools developed in his lab, including OpenSim and Simtk.org, have become the basis

of an international collaboration involving thousands of students and scientists who exchange
simulations of human movement. Prior to joining the faculty at Stanford, Delp was on the faculty
at Northwestern University and the Rehabilitation Institute of Chicago. He has published over 250
research articles in the field of biomechanics and has recently published a text from MIT Press
entitled Biomechanics of Movement: The Science of Sports, Robotics, and Rehabilitation. Professor
Delp has co-founded six health technology companies and is a member of the U.S. National
Academy of Engineering.

13080 2030

OE1 - TISSUE

Location: Online

Chair: Anna Gustavsson

Presentation title/Abstract title Speakers/Authors

19:30 Endoprosthesis size optimizes impaction force and Carolyn Taylor
circumferential stress in transtibial intramedullary
prostheses

19:42 Mechanical fatigue in spinal joints: Viscoelastic Jackie Zehr

responses to altered rate and frequency of
compression loading

19:54 Effects of cyclic loading on the mechanical properties  Colin Firminger
and failure of human patellar tendon

20:06 Determining the Relationship Between Skull Diploé Kevin Adanty
Morphometry and Mechanical Properties In Four-Point
Bending

20:18 A one-dimensional viscoelastic model of collagenous Jeff Barrett

tissues with damage



19:30 - 20:30

OE2 - ORTHOPAEDICS: BONE & CARTILAGE, SURGEON-GUIDED

Location: Online
Chair: Colin Smith

Presentation title/Abstract title Speakers/Authors

19:30 Anterolateral versus medial plating for varus type pilon Ali Ammar
fractures
19:42 Quantification of 3-dimensional strength and pain in Margaret Coats-Thomas

patients with shoulder osteoarthritis

19:54 Mechanical fatigue of whole rabbit-tibiae under Ifaz Haider
combined compression-torsional loading is better
explained by strained volume than peak strain
magnitude

20:06 A biomechanical analysis of body mass index on Laura Linsley
frontal plane kinetics and kinematics between controls
and total knee arthroplasty patients

20:18 The use of a wireless passive electronic strain sensor Fransiska M Bossuyt
to measure hysteresis of sheep hindlimb tendons: A
first step towards directly comparing in vitro and in
vivo tendon properties

19:30 - 20:30

OE3 - EDUCATION AND OUTREACH

Location: Online
Chair: Sarah Breen

Presentation title/Abstract title Speakers/Authors

19:30 What womxn want: Using the international womxn Anahid Ebrahimi
in biomechanics organization to help womxn in
biomechanics thrive

19:42 Using a physical sarcomere model to demonstrate Heron B O Medeiros
titin’s contributions to residual force enhancement

19:54 Visual detection on simulated electromyography Mario Lamontagne
signals with varying signal-to-noise ratios: A training
tool to enhance onset identification

20:06 Using hula hooping as a discussion point for STEM Polly Blaikie
education and outreach

20:18 Finite element modelling of the abdomen in developing Florence Leong
a robotic patient for palpation examination training



19:30 - 20:30

OE4 - LOCOMOTION: CLINICAL GAIT

Location: Online
Chair: Katherine Boyer

Presentation title/Abstract title Speakers/Authors

19:30 Effect of low and high intensity strength training on Paul DeVita
muscle forces during walking in adults with knee
osteoarthritis

19:42 Modular reorganization of gait in chronic but not in Carlos Cruz
artificial knee joint constraint

19:54 Lower back demands during load carriage with induced Jacob Banks
asymmetric gait

20:06 The use of the reference finite helical axis and high- Tomasz Bugajski
speed biplanar videoradiography to characterize knee
kinematics

20:18 Gait asymmetries following ACL reconstruction differ Lindsay Slater

based on sex and gait speed
19:30 - 20:30

OES5 - RUNNING: BIOMECHANICS

Location: Online
Chair: Hermann Schameder

Presentation title/Abstract title Speakers/Authors

19:30 Effects of foot core strengthening protocol on plantar  Alessandra Matias
arch biomechanics

19:42 Subgroups of foot-ankle running movement patterns Ricky Watari
influence the responsiveness to a foot-core exercise
program

19:54 Internal tibial forces and moments during graded Michael Baggaley
running

20:06 Tibial damage and osteogenic effects of high intensity  Stacey Meardon
interval and prolonged running

20:18 Achilles Tendon and Patellofemoral Kinetics Following  James Becker
A Long Hilly Run in Traditional and Maximal Cushioning
Shoes



19:30 - 20:30

OEG6 - SIMULATION TECHNIQUES AND APPLICATIONS

Location: Online

Chair: Dario Cazzola

Presentation title/Abstract title Speakers/Authors

19:30 Hierarchical inverse kinematics via Bayesian inference  Andrew Pohl

19:42 The flow of tissue energy during whole muscle Stephanie Ross
contraction in 3D

19:54 Computational simulation of sideswipe collisions to Shaun Jeffs

predict head injury metrics

20:06 Inverse distance weighting to rapidly generate large Kalyn Kearney
simulation datasets

20:18 Kernel based modelling of intervertebral disc Maria Hammer
characteristics

19:30 - 20:30

OE7 - IMPACT BIOMECHANICS

Location: Online
Chair: Helen Bayne

Presentation title/Abstract title Speakers/Authors

19:30 Loss of consciousness in national football league Karl Zimmerman
players is associated with high strain rate in the
cerebellum and brainstem

19:42 Quantification of upper limb loading behind a ballistic ~ Julia de Lange
shield using an adapted ATD arm

19:54 Evaluation of design and concept verification of anew  Ondrej Spiegl
figure skating blade with integrated damping system
for reducing impact related overuse injuries

20:06 Modelling of the pelvis and lumbar spine in high-rate Corina Espelien
axial loading

20:18 Statistical prediction of spinal injury using CIREN data ~ Sean Shimada

19:30 - 20:30

OE8 - LOWER EXTREMITIES

Location: Online

Chair: Victoria Chester

Presentation title/Abstract title Speakers/Authors

19:30 Differences between loaded and unloaded bone Michele Conconi
kinematics of the foot and ankle complex

19:42 Patellofemoral contact forces after ACL reconstruction Jack R. Williams
using statistical parametric mapping
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19:54 Out-of-plane motion reduces the knee extension Mitchell Wheatley
moment arm
20:06 Muscle-length dependence of residual force Patrick Bakenecker

enhancement in the human patellar tendon during
submaximal stretch-hold contractions

20:18 The non-intuitive contributions of individual Seong-won Han
quadriceps muscles to patellar tracking

20:30 - 21:30

ADVANCING WOMEN IN BIOMECHANICS MEETING

Location: Online

Becoming an Ally

The goal of this one-hour workshop is to provide practice in recognizing and addressing bias
through specific scenarios and discussion of positive responses. There will be break-out rooms
where scenarios will be enacted. Participants in small groups will work together to recognize

biases taking place and how best to respond. This session is open to all, and men are especially
encouraged to participate. Scenarios will include hiring, reviews and promotions, meeting dynamics,
mentorship and sponsorship, and everyday interactions. Our aim is to provide a safe environment
for meaningful discussions. This workshop is organized by “Advancing Women in Biomechanics”
(AWB).



07:15-07:30

Wed 28 Jul 2021

SHORT WELCOME

Location: Online

07:30 - 08:30

OF1 - ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING

Location: Online

Chair: Julie Choisne

Presentation title/Abstract title Speakers/Authors

Ground reaction force fusion for gait recognition

Data fusion of electromyography and motion data
enhances locomotion intent recognition

7:30
7:42

07:30-08:30

Predicting ground reaction force components from
two-dimensional video using machine learning

Estimation of knee flexion in knee arthroplasty
patients using only shank mounted IMUs

network

OF2 - CLINICAL BIOMECHANICS

Location: Online

Chair: Corina NuUesch

7:30

7:42

8:18

07:30-08:30

Anomalous gait feature prediction using a neural

Kayne Duncanson
Lin Meng

Corey Morris

Ted Yeung

Suil Jeon

Presentation title/Abstract title Speakers/Authors

Femoral offset shortening after nailing of Hip fractures Arj Sivakumar

does not correlate with pelvic control during gait

Relationships between hip muscle strength
and running biomechanics in femoroacetabular

impingement syndrome

Personalised hip load modification using real-time
biofeedback in hip osteoarthritis: a feasibility study

Effect of functional weightbearing versus non-
weightbearing quadriceps strengthening exercise
on contact force in varus-malaligned medial knee
osteoarthritis: A secondary analysis of a clinical trial

A finite element analysis of foot with hammer toe

deformity during walking

Benjamin Mentiplay

Laura Diamond

Scott Starkey

Mohammad Moayedi



OF3 - MUSCLE TISSUE AND ARCHITECTURE

Location: Online

Chair: Hazel Screen

Presentation title/Abstract title Speakers/Authors

7:30 Statistical shape and fibre models to determine the Bart Bolsterlee
effect of strength training on vastus lateralis shape and
architecture

7:42 Triceps surae muscle fascicle dynamics as a function of Lauri Stenroth
walking speed in young and older adults

7:54 Gender difference in architectural and mechanical Ligin Deng
properties of medial gastrocnemius-achilles tendon
unit

8:06 Influence of muscle stiffness and architecture on Nicole Yvette Kelp

gastrocnemii shape during isometric plantarflexion
contractions

8:18 Three-dimensional architecture of the medial Brian Chow
gastrocnemius muscle in human infants in vivo

07:30-08:30

OF4 - MUSCULOSKELETAL MODELLING

Location: Online
Chair: Glen Lichtwark

Presentation title/Abstract title Speakers/Authors

7:30 Forward prediction of ankle joint moments using a Homayoon Zarshenas
generic feature set

7.42 Effect of meniscus material models on the mechanical  Tulashi Simkheada
responses of cartilage during walking: a finite element
study

7:54 A method to compare heterogeneous types of bone Nynke Rooks
and cartilage meshes

8:06 Free achilles tendon strain during common locomotor  Daniel Devaprakash
and rehabilitation tasks

8:18 The deep hip stabilisers cannot stabilise Evy Meinders

07:30-08:30

OF5- ORTHOPAEDICS

Location: Online

Chair: Carina Blaker

Presentation title/Abstract title Speakers/Authors

7:30 Morphological variation in paediatric lower limb bones Laura Carman
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7:42 A semi-automated method for quantifying total hip Thomas Grace
arthroplasty related acetabular bone loss from CT
scans: lesion volume measurement accuracy and
overall method reliability

7:54 The effects of decellularisation and sterilisation Dylan Ashton
processing on kangaroo tendon strength

8:06 The free achilles tendon is shorter, stiffer, and thicker Claudio Pizzolato
in trained runners compared to healthy controls

8:18 Prediction of ACL tunnels: a comparison between Marco Schneider
model and surgeon

07:30-08:30

OF6 - REHABILITATION AND NEUROREHABILITATION

Location: Online

Chair: Polly McGuigan

Presentation title/Abstract title Speakers/Authors

7:30 Does maintenance of whole-body balance take Deepak Ravi
primacy over synchronization of footfalls to auditory
beats during rhythm perturbed walking?

7:42 The influence of a fatiguing wheelchair propulsion Ursina Minder
protocol on the neuromuscular activation of five
shoulder muscles

7:54 Ankle kinematics during walking with a soft Eveline Graf
exoskeleton in people with dropfoot -- a case series

8:06 Influence of assistance timing on human gait Mahsa Momtahan
biomechanics using a semi-passive ankle exoskeleton

8:18 Real-time joint kinematics estimation in tele- Marco Caruso
rehabilitation



07:30-08:30

OF7 - MOTOR CONTROL Il: MOTOR CONTROL IN SPORT

Location: Online

Chair: Walter Herzog, Co-Chair: James Richards

Presentation title/Abstract title Speakers/Authors

7:30 Altered knee mechanics during weight acceptance Jonas Markstrom
in stair descent for athletes with anterior cruciate
ligament reconstruction compared to asymptomatic
athletes

7:42 Muscle shortening velocities and joint-specific powers  Cristian Riveros-Matthey
at different external power and cadence requirements
during cycling

7:54 Corticospinal excitability during the preparatory phase Daniel Hahn
of preloaded concentric and eccentric contractions

8:06 Variability of muscle synergies across skateboarding Lorenz Zweier
tricks with different levels of complexity

8:18 An exploration of the motor unit behaviour during Eva Orantes-Gonzalez
squatting tasks performed at different speeds

07:30-08:30

OF8 - RUNNING: BIOMECHANICS

Location: Online

Chair: Polly McGuigan; Antony Blazevich

Presentation title/Abstract title Speakers/Authors

7:30 Changes in joint mechanics following repeated Basilio Goncalves
sprinting
7:42 The "spring-like” function of the subtalar joint in Michael Asmussen

maintaining stability during running

7:54 Increased segment coordination variability of the lower Tony Lin-Wei Chen
limb in runners accomplishing a half marathon

8:06 High-speed fluoroscopic imaging for investigation of 6  Wenjin Wang
DOF knee kinematics during walking and running

8:18 Mechanical energy transduction during running after ~ Hiroto Murata
unilateral transfemoral amputation

08:30 - 09:00

QUALISYS AND THEIA MARKERLESS WORKFLOWS: HANDS-ON SESSION

Location: Online

In the third "Swedish Fika” break we will focus on how Qualisys markerless processing workflows
integrate Theia software and review the state of validation studies.



09:00 - 10:00

PANEL DEBATE:COMPUTATIONAL APPROACHES TO STUDYING
LOCOMOTION DISORDERS: NMSM VS. Al

Location: Online
SPEAKERS: MODERATOR:

David Lloyd, Eni Halilaj, Carnegie llse Jonkers,
Griffith University Mellon University University of
(Australia) (USA) Leuven (Belgium)
09:00 - 10:00

SPECIAL ORAL: DEVELOPING COUNTRIES GRANT COMPETITION

Location: Online
Chair: Daniel Hahn

Presentation title/Abstract title Speakers/Authors

Investigating the performance of neck exoskeleton in Ganesh M. Bapat
prevention and reduction of neck pain problems

Massage and adapted posture for correction of the Gerard Doussou
spinal curvatures of 360 adolescent yam growers

Effects of exercise intervention on the biomechanics Shazlin Shaharudin
of occupational-related tasks among nurses with low
back pain

Electrical Impedance Tomography combined with Li Le
Transcranial Doppler ultrasonography on monitoring

stroke recovery: Biomechanical application at North

Western Part of China

Foot-ankle physiotherapy as preventive strategy for Isabel C.N. Sacco
biomechanical dysfunctions in people with diabetes

10:00 - 10:15



10:15-11:15

KEYNOTE LECTURE: TENDON STRUCTURE-FUNCTION RELATIONSHIPS
IN HEALTH AND DISEASE: EXPLORING THE INTERFASCICULAR MATRIX
(HAZEL SCREEN)

Location: Online
HAZEL SCREEN

Hazel Screen is Professor of Biomedical Engineering and Head of the
School of Engineering and Materials Science at Queen Mary University
of London. Her research centres on healthy and pathological tissue
structure-function behaviour and its interplay with mechanobiology.

She has a particular long-standing interest in tendon and ligament, and
leads a highly multidisciplinary group which spans human and animal in
vivo and in vitro studies of tendon function and injury, taking a multiscale
approach to exploring tendon mechanobiology from the nano- to micro-
scale. She has established and is now further exploring a new paradigm
associated with the aetiology of tendon injury.

Screen also leads the UK Organ-on-a-Chip Technologies Network and co-directs the Centre for
Predictive in vitro Models at QMUL, within which she leads a research group specifically focused
on developing novel in vitro models of musculoskeletal tissues which integrates her expertise in
mechanobiology and structure-function into new models to explore health and disease.

11:15-12:15

ISB AGM

Location: Online

MAJOR SPONSOR WORKSHOPS
12:15 - 12:45

SNEAK PEEK: ACL PATIENT TRACKING PLATFORM GENERATES IMMEDIATE
OBJECTIVE RESULTS

Location: Online

Objective measurements can now be visualized in automated reports as part of a new platform
aimed at improving the rehabilitation phase of an ACL patient. Xsens MotionCloud generates a
Knee Assessment Report which contains objective results of nine knee stability tests like 'single hop
for distance’ or a 'drop vertical jump’. Joint angles, distances, symmetries and automated LESS are
visualized in the report.

The MotionCloud report is integrated into a patient tracking platform, where it is combined with the
results of patient surveys (IKDC, Tegner, etc.) training specific programs and other measurement.
This platform aids a physiotherapist to monitor a patient through the rehab phases, keeping the
patient motivated. A dashboard displays the criteria that need to be met to elevate a patient to the
next phase.

12:15 - 12:45

LIVE WORKSHOP: COMPARING TWO DIFFERENT SHOE TYPES WHILST
HOPPING
Location: Online

LIVE from KIH Lab, we will be streaming a demo comparing two different shoe types whilst hopping.
See how quick you can process the data and see the results.



12:45-13:30

LUNCH BREAK

Location: Online
13:30 - 14:30

0G1- LOCOMOTION: GENERAL
Location: Online
Chair: Isabel Sacco

Presentation title/Abstract title Speakers/Authors

13:30 The effect of diabetic neuropathy progression on Eneida Yuri Suda
muscle fiber conduction velocity of proximal and distal
leg muscles during isometric contractions at low level
forces

13:42 Center of pressure control ensures mediolateral gait Moira van Leeuwen
stability: Muscle driven foot placement and ankle
moment control

13:54 Tactical vest loading alters head-torso coordinationin ~ Matthew Ellison
operational police officers during running

14:06 Effects of unilateral swing leg resistance during walking Sylvana Weiland
on propulsion, braking and muscle activity

14:18 The effects of speed and footwear on 3D energy Steffen Willwacher
absorption during the braking phase of running:
Distance matters

13:30 - 14:30

0G2- MUSCULOSKELETAL MODELLING

Location: Online

Chair: Tiago Jacques

Presentation title/Abstract title Speakers/Authors

13:30 Sampling and modelling of motor unit-specific Antonio Gogeascoechea
activation properties in the intact human in vivo Hernandez

13:42 Estimating muscle and joint stiffness during plantar- Christopher P. Cop
dorsi flexion joint rotations via musculoskeletal
modelling

13:54 Large-scale multi-channel electromyography and Donatella Simonetti

musculoskeletal modeling via wearable smart
garments to support clinical decision-making

14:06 Voluntary control of a lower limb exoskeleton during Guillaume Durandau
walking using an EMG-driven biomechanical model
14:18 Predictive simulations of fixed-speed treadmill gait Kayla Pariser
13:30 - 14:30

OG3 -CLINICAL BIOMECHANICS

Location: Online

Chair: Marco Vaz
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Presentation title/Abstract title Speakers/Authors

13:30 3D Body Landmark Detection for Markerless Motion Alex Spencer
Tracking
13:42 Neuromuscular activation patterns during challenged  Carson Halliwell

walking tasks in individuals with femoroacetabular
impingement

13:54 Eccentric training increases the cross-sectional areain  Emmanuel da Rocha
different regions of the Achilles tendon after rupture

14:06 Is the side-stepping exercise effective on targeting Heiliane de Brito
gluteal muscles? Fontana
14:18 Biomechanical response of residual limb: combining Begum Zeybek

shear-wave elastography and finite element analysis

13:30 - 14:30

OG4 - SPECIAL SESSION: UPPER EXTREMITY MOTOR CONTROL

Location: Online
Chair: Michael Twardowski, Co-Chair: Mark Latash

MARK L. LATASH

Mark Latash is a Distinguished Professor of Kinesiology and Director

of the Motor Control Laboratory at the Pennsylvania State University.
His research interests are focused on the control and coordination of
human voluntary movements, movement disorders in neurological
disorders, and effects of rehabilitation. He is the author of "Control of
Human Movement” (1993) "The Neurophysiological Basis of Movement”
(1998, 2008), "Synergy” (2008), "Fundamentals of Motor Control” (2012),
"Motor Control and Biomechanics: Defining Central Concepts” (with

V.M. Zatsiorsky, 2016), and "Physics of Biological Action and Perception”
(2019). In addition, he edited ten books and published over 400 papers
in refereed journals. Mark Latash served as the Founding Editor of the
journal "Motor Control” (1996-2007) and as President of the International
Society of Motor Control (2001-2005). He has served as Director of the
annual Motor Control Summer School series since 2004. He is a recipient
of the Bernstein Prize in motor control.

Presentation title/Abstract title Speakers/Authors

13:30 Synergic control of individual muscles and agonist- Mark L. Latash
antagonist muscle pairs

13:54 Size and structure of joint angle variability in young Christopher Bailey
and old adults performing a fatiguing repetitive
reaching task

14:06 Individual finger movement control and associationto  Helena Grip
brain activity in healthy participants

14:18 Mirror-system-like excitability to kinaesthetic stimuli in  Marc de Lussanet
the human motor cortex



13:30 - 14:30

OG5 - IMAGING

Location: Online

Chair: Arin Ellingson

Presentation title/Abstract title Speakers/Authors

13:30 Quantitative assessment of a treatment addressing Zimi Sawacha
hypomimia in Parkinson’s disease

13:42 Intra-assessor reliability of intrinsic foot muscles’ Lydia Willemse
size in older and younger adults using a portable
ultrasound device

13:54 Automated analysis of medial gastrocnemius muscle-  Rebecca Krupenevich
tendon junction displacement in healthy young adults
using deep neural networks

14:06 Development of an in-vivo tibiotalar kinematic protocol David Williams
to investigate activities of daily living

14:18 Fixation of tibial components in cementless total knee  Jordan Broberg
replacement measured with RSA and MRI

13:30 - 14:30

OG6 - SPECIAL: HAND & WRIST BIOMECHANICS IV

Location: Online
Chair: Ronit Wollstein, Co-Chair: Benjamin Goislard de Monsabert

VERONIQUE FEIPEL

Veronique Feipel is a Professor of Functional Anatomy at the Université
Libre de Bruxelles (ULB), Belgium. She is currently Dean of the Faculty

of Motor Sciences and coordinator of the Research Master in Motor
Sciences at ULB. She completed her PhD at ULB in 1997 and was a
postdoctoral fellow in the LIS-3D - Sainte-Justine Hospital, Montreal, in
2000. Veronique has been a member of the ISB since 1999, has been a
council member of ISB and has enjoyed the ISB meetings since attending
her first ISB meeting in Calgary in 1999. She is Fellow of the ISB.

Veronique’'s research interests include spine, wrist and knee kinematics,
clinical applications of musculoskeletal modelling and gait analysis. Over
the past few years, her personal interest in sports led her to broaden her
research efforts on the prevention of running related injuries and its link
to running biomechanics.

Veronique leads a group of researchers in the Laboratory of Functional Anatomy aiming to facilitate
clinical penetration of biomechanics research. She will continue supporting with energy research in
the field of her first love, wrist biomechanics.

Presentation title/Abstract title Speakers/Authors

13:30 Recent advances in wrist biomechanics Veronique Feipel
13:54 A new radiographic index for early diagnosis of Fernando N Zambone
perilunate injuries Pinto



s

14:06 Force transmission via intertendinous linkages of the m Guido Geusebroek
flexor digitorum profundus
14:18 Monitoring development in children using hand Vasiliki Vardakastani
function
13:30 - 14:30

OG7 - PROSTHETICS AND ORTHOTICS

Location: Online
Chair: Carolin Curtze

Presentation title/Abstract title Speakers/Authors

13:30 Knee implant wear predictions are altered by including Michael J. Dreyer
fluoroscopy-measured kinematics in the boundary
conditions

13:42 Fuzzy-logic inference system for transfemoral socket Mike Karamousadakis
rectification

13:54 Plantar pressures in custom foot orthoses with and Megan Balsdon
without heel plugs

14:06 A case series of early swing perturbation recovery Shane King
strategies in transfemoral prosthesis users

14:18 Bi-linear Natural Ankle Quasi-Stiffness During Walking:  Luke Nigro

Characterization and Implications for Orthosis Design

13:30 - 14:30

OGS8 - SPECIAL: SIMULATION OF LOCOMOTION II

Location: Online
Chair: Friedl De Groote, Co-Chair: Marten Afschrift

PETER ). BISHOP

Originally from Australia, Peter has had a lifelong passion for
palaeontology, geology and mathematics. He gained a BAppSc (Hons)
in Geosciences from the Queensland University of Technology in 2012,
completed his PhD in Evolutionary Biomechanics from Griffith University
in 2017, and subsequently held post-doctoral research positions at
Griffith University, the University of the Sunshine Coast and the Royal
Veterinary College. Over this time he has studied many extinct animals
including freshwater crustaceans, fish, stem tetrapods, lizards, early
archosaurs and dinosaurs (avian and non-avian). Peter is particularly
interested in integrating biomechanics with data from fossils and
modern animals, using a rigorous, physics-based approach to examine
the adaptive significance of evolutionary changes in the vertebrate
skeleton. In his current role, his research focuses on the sprawling-
to-erect postural transition that took place in synapsids on the line to
mammals, where he is using biomechanical modelling and simulation
to understand the anatomical and physical factors that influenced and
constrained this transition. Since 2007, Peter has also been part of the
Geosciences Program of the Queensland Museum, Brisbane, first as a
student volunteer and more recently as an Honorary Research Fellow.
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Presentation title/Abstract title Speakers/Authors

13:30 Quo vadis, Tyrannosaurus? Predictive simulations of Peter J. Bishop
locomotor function and performance in modern and
extinct animals

13:54 Trajectory optimization of a 3D musculoskeletal model Marlies Nitschke
with inertial sensors

14:06 Predictive simulation of human motion using SCONE Thomas Geijtenbeek

14:18 Stochastic optimal control predicts features of Tom Van Wouwe
sensorimotor control during walking

14:45 - 15:45

KEYNOTE LECTURE: LEARNING HOW TO MOVE LIMBS WITH SOFT
WEARABLE ROBOTS (CONOR J. WALSH)

Location: Online

CONOR J. WALSH

Conor Walsh is the Paul A. Maeder Professor of Engineering and Applied
Sciences at the John A. Paulson Harvard School of Engineering and
Applied Sciences. He is the is the founder of the Harvard Biodesign

Lab, which brings together researchers from the engineering,

industrial design, apparel, biomechanics, physical therapy and

business communities to develop and translate new disruptive robotic
technologies for augmenting and restoring human performance.
Example application areas include, enhancing the mobility of healthy
individuals, restoring the mobility of patients with gait deficits, assisting
those with upper extremity weakness to perform activities of daily living
and preventing injuries of workers performing physically strenuous
tasks.

The soft exosuit technology is now commercially available in clinics for gait retraining through a
collaboration with ReWalk Robotics and a lab spin-out, Verve, has launched a back assist product
for workers performing physically strenuous tasks in industry. He is dedicated to training the next
generation of biomedical engineering innovators and lab alumni have gone on to successful careers
in academia, entrepreneurship, and high tech R&D positions in industry. Additionally, he co-founded
the Soft Robotics Toolkit that serves as a platform the lab’s extensive STEM outreach activities. He

is the winner of multiple awards including the Presidential Early Career Award for Scientists and
Engineers and the MIT Technology Review Innovator Under 35 Award.

15:45 - 17:15

POSTER SESSION B

Location: Online

Presentation title/Abstract title Speakers/Authors

* DIC-based stress-shielding analysis in compression of  Paolo Caravaggi
CoCrMo porous structures for orthopedic implants

+ A gait pattern comparison between healthy adults and  Elke Warmerdam
neurological patients at different walking speeds



e

+ Effect of fatigue on hip, knee and ankle proprioception Ukadike Chris Ugbolue
during a golf specific fatigue protocol

+ A procedure for measuring the kinematics of the foot =~ Michele Conconi
and ankle complex through Weight-Bearing CT

+ The project reflabperform - development of Dirk Moller
a reference laboratory for the evaluation of
playing- and performance-related dysfunctions of
performing artists to derive individual prevention and
rehabilitation strategies

+ Step length asymmetry is associated with fear of falling Noah Rosenblatt
activity avoidance in persons with unilateral transtibial
amputation

+ Multi-digit Force Coordination in Patients with Trigger  Kien Tran
Digit using Machine Learning and Deep Learning

* Inter-session repeatability of markerless motion Robert Kanko
capture gait kinematics

+ Novel computer vision and deep learning approaches  Kristen Beange
for tracking 3-D spine motion during dynamic trunk
flexion using an RGB-D camera

+ Asupervised classification of children with fragile X Weronika Piatkowska
syndrome and controls based on kinematic and sEMG
parameters

* Ankle Joint Quasi-Stiffness of Quiet Unperturbed Brittany Sommers

Standing in Chiari Malformation: A Fast Fourier
Transform Approach

+ Ground reaction forces during anteriorly-loaded Jiyun Ahn
overground walking

+ Automatic identification and segmentation of balance- Kieran J. Eveleigh
related tasks using markerless motion capture

+ Improved balance control following distance learning Pranavi Depur
of yoga in novice practitioners

+ Functional calibration to improve kinematic analysis in ~ Clint Hansen
the clinics using inertial measurement units

* A preliminary study comparing the effects of Jamie Ferris
concurrent and terminal visual feedback on standing
balance in older adults

+ Changes in postural dynamics can be captured by a Wii Takashi Sado
Balance Board during standing tasks

+ Evaluation of postural sway for remote monitoring of ~ Timothy Zehnbauer
vestibular rehabilitation

+ Characterizing the feasibility of progressive gait Hala E. Osman
perturbation protocol for individuals poststroke

+ Multifractal analysis of quiet standing in the young and John H Challis
old



Simple model of arch support: relevance to Charcot
Neuroarthropathy

Do relaxed sarcomeres return to their original length

following repeated activations?

Classification of autism gait patterns in children using
multisegment and single segment foot kinematic data

Firefighter turnout gear limits the ability to lift while
maintaining a neutral spine posture

Does the time of day influence the clinical assessment
of muscle strength in men and women?

Gluteal activation cues reduce peak acetabular
contact pressure during squatting in persons with
femoroacetabular impingement syndrome: A finite

element analysis study

Lower extremity kinetics following an achilles

speedbridge: A case study

Is the dissipative energetic behavior of the human heel

associated with thermal changes?

The effects of using a rehabilitation technology on foot
muscles strength in people with diabetic neuropathy: A

preliminary data analysis

Effect of maturation and limb dominance on knee
flexion and extension torque in adolescent athletes

Upper and lower body inter-segmental coordination
during unsupervised gait of older adults with dementia

Biomechanical improvement and timing for total knee

arthroplasty surgery

Sex and anterior cruciate ligament injury effects
on isometric and isokinetic force production in a

paediatric population

Knee joint kinetics during stationary cycling for
unilateral total knee arthroplasty patients

Evaluating Muscle Recruitment During Lower Trapezius
Early-Stage Exercises Performed Below 90° Shoulder

Elevation

National biomechanics day: Past, present, and future

Development of a hands-on, wearables course as an

alternative for physiology labs

Pilot study: Performance benefit of young athletes
using a video-based feedback and instrumented
starting blocks in athletics sprint start

Shaye Tiell

Meng LI

Ashirbad Pradhan
Danielle Carnegie
Karine Josibel Velasques

Stoelben

Jordan Cannon

Kevin Valenzuela

Nikolaos Papachatzis

Jane Suelen Silva Pires
Ferreira

Joanna Geck

Lina Musa

Chang Shu

Christine Smith

Erik Hummer

Maria Herrera

Lisa MacFadden

Patrick Mayerhofer

Beat Goepfert



Active learning strategies using surface
electromyography improve the undergraduate
student’s understanding of neuromuscular human
movement control

Micromovements, low back pain, and computer task
performance during prolonged sedentary postures

Sex-specific neuromuscular adaptations to fatigue in a
repetitive pointing task while sitting on a sit-stand stool

Sex-specific effects of anti-fatigue lenses on
discomfort, kinematics and performance during a
seated computer task

Relationship between the global movement of the
hand and the forearm muscles during typing

Combining wearable sensors and machine learning to
monitor low back loading and injury risks in material
handling

Correlation between wear region of shoes and contact
region during early gait

A scoping review on the applications of machine
learning for primary work-related musculoskeletal
disorder prevention

Drift-free algorithm for estimating muscle fascicle
length from ultrasound images

Patient and implant performance between satisfied
and dissatisfied total knee replacement patients

Investigation of the biofidelity of the MIL-Lx foot

Occupant kinematic prediction model during rear-end
collisions

Most severely injured body regions in near side motor
vehicle collisions involving head impact

High risk glenohumeral joint forces during three pull-
up techniques

Classification of ACL reconstructed running dynamics
using common gait features

Use of Pressure-Measuring Insoles to Characterize
Center of Pressure Length and Width under Simulated
Reduced Gravity Conditions

In vitro mechanical effects of a specific neurodynamic
mobilizations of the superficial fibular nerve: a
preliminary study

Drop height and sex differences in anterior cruciate
ligament force during unilateral drop landings

Carlos De la Fuente

Liana M. Tennant

ChenYang

Samuel Lamanuzzi

Takanori Ito

Emily Matijevich

Kurt Beschorner

Victor Chan

Tim van der Zee

Jordan Broberg

Julia de Lange

Shimada Sean

Sean Shimada

Caryn Urbanczyk

Yannis Halkiadakis

Christian Ison

Felix-Antoine Lavoie

Jake Melaro



+ Effects of ACL reconstruction on in vivo quadriceps Amanda Munsch
contractile behavior and association with knee joint
biomechanics

+ Optimization vs unscented filtering for measuring Andy Bhateja
walking motion using IMUs

+ Eight-week individualized gait modification intervention Bryndan Lindsey
to reduce knee adduction moment: Preliminary
analysis of a randomized controlled trial

« Home-based foot-ankle exercises program oriented by Erica Silva
a booklet changed positively foot motion during gait in
people with diabetic neuropathy

+ Evaluation of a clinical walking test among unilateral Hananeh Younesian
lower-limb amputees

+ Foot progression angle modifications that maximally Kirsten Seagers
reduce the knee adduction moment do not decrease
medial knee contact force

* Are medial and lateral tibiofemoral compressive Tanner Thorsen
forces different in uphill compared to level walking for
patients following total knee arthroplasty?

+ Dynamic gait stability during anteriorly loaded Caroline Simpkins
treadmill walking

« Danger ahead: Fatigued obstacle negotiation in an Joshua Vicente
unpredictable environment

* Modeling spatial asymmetry in visuomotor Kolby Brink
coordination

+ Effectiveness of a speed control based on auditive Leonardo Lagos
feedback during metabolic cost trials

+ Differences in ground reaction forces between Mauricio Delgado
children, adults, and elder people during walking

+ Impact of foot progression angle and/or lateral trunk Thomas Legrand
lean gait modifications on lower limb joints external
moments

+ Spinal reflexes can produce a variety of bipedal gaits Frans van der Helm

+ Walking aid selection for non-weight bearing David Kingston
ambulation: effects on stance limb plantar force,
walking speed, perceived exertion, and device
preference in adults 50 years of age and older

+ Data collection settings influence total body angular Jackson Lordall
momentum: Effects of walking speed and participant
sex

+ Adaptations in mechanical limb power and metabolic ~ Kavya Katugam
energy cost after chronic growth-period limb loading

+ Stepping kinematics indicate minimal disruptions to Daisey Vega
balance control when linking the arms and legs during
walking



Lower-limb impact loading and bone stimulus in
children during a week-long protocol

Novel clamp protocol examines cause-effect relations
between propulsive force, walking speed, and cost of
transport

Contribution of the transverse arch to in vivo foot
stiffness in humans

Movement decreases muscle and tendon stiffness
compared to torque and angle matched isometric
conditions

Knee extensor moment increases with reduced
moment arm in running and walking

Simulation-based exploration of the anterior drawer
test in juvenile patient populations

Lower extremity biomechanical demands of a bend
and pick-up task in healthy, older adults

Validation of a non-invasive intra-abdominal pressure
measurement tool in living and cadaveric specimen

Development of a Novel Tibiofemoral Dynamic
Unloading Knee Brace with Air Bladder Insert and
Wearable Control Box

Biomechanical testing of proximal humerus fixation: a
novel approach

To filter, or not to filter force plate data for jump height
determination?

Timing of gait events affect time-continuous analysis
outcomes

Analysing the impact of sensor placement on the
quality of SEMG signals on the human forearm

Stochastic Resonance and Heaviness Perception of an
Occluded Object

Sex differences and fatiguing movement effects on
task-specific stability

Movement preferences of the wrist and forearm
combined during activities of daily living

Information in EMG within and between pedal cycles

Ultrasound estimates of muscle quality: correcting for
the confounding effect of subcutaneous fat

Probabilistic DTI tractography demonstrates better
consistency with ultrasound estimates of muscle
fascicle lengths in comparison to deterministic
methods

Danilo Catelli

Ricky Pimentel

Ali Yawar

Kristen Jakubowski

Mitchell Wheatley

Alexandria Mallinos

Jared Moore

Natasha Jacobson

Run Ze Gao

Patrick Williamson
Brendan Pinto

Eric Honert
Amartya Ganguly
Alli Grunkemeyer
Fariba Hasanbarani
Steven Charles
Jaylene Pratt

Heiliane de Brito
Fontana

Divya Joshi



Open vs closed articular architecture of the forearm
for an analysis of muscle recruitment during throwing
motions

A quantitative test of soft tissue work analysis in
human walking

Can electrically induced contractions replicate walking
in microgravity?

Foot joint stiffness effects on maximum vertical jumps

Effects of maturation on estimated ACL loading in
adolescent female soccer players

Dynamic foot model to study the syndesmotic
variation during the rotation of the ankle

Verification of a method to examine the effects of a
knee brace on joint loading and muscle activity

Effect of muscular fatigue on ACL loading in healthy
and ACL-reconstructed females

Evaluating anthropometrically scaled models of lateral
pinch to characterize the pediatric hand

Alignment of the normal ankle joint in neutral bilateral
standing in six degrees of freedom

How do dry needling and high-intensity focused
ultrasound affect the mechanical properties of
supraspinatus tendons?

Spatial distribution of material properties influences
gross and regional ACL load bearing function

Analyze the effect of the anterior oblique ligament
injury and first dorsal interosseous function upon
thumb CMC joint subluxation: a cadaver study

Transfemoral prosthesis user stumble recovery
responses for both limbs across swing phase

Motor unit action potential features for robust motion
classification

Exploring effects of prosthetic ankle and toe joint
range of motion on activities of daily living

Bone contact differences of conical and cylindrical
endoprostheses for transtibial percutaneous
osseointegrated prostheses

Variable Stiffness Foot provides Users with Adjustment
of Knee and Ankle Mechanics

Efects of a physotherapy exercise program for foot-
ankle in people with diabetes on foot kinematics
during gait

Claire Livet

Koen Lemaire

Thomas Abitante

Daniel Davis

Lauren Schroeder

Maria Ruiz

Ryan Baxter

Shelby Peel

Tamara Ordonez Diaz

Jordan Stolle

Sujata Khandare

Jillian Beveridge

Tai-Hua Yang

Maura Eveld

Michael Twardowski

Rachel Teater

Carolyn Taylor

Kieran Nichols

Renan Monteiro



Effects of short-term cycling intervention on knee
biomechanics in cycling with augmented visual
biofeedback for patients with total knee arthroplasty

Assessment of DCEF stimulation on the neuronal
function using in vitro stroke model

Predicting gait events from handle forces in an
instrumented posterior walker

Protocol for improving familiarity with a lower-limb
robotic exoskeleton in able-bodied, first-time Users

Youth Running Biomechanics: The Influence of
Footwear on Kinetics and Kinematics

The effect of fixation location and footwear type on
peak impact accelerations from a consumer-grade IMU
during running

Triceps surae muscle-tendon properties as
determinants of the metabolic cost in trained long-
distance runners

Mechanical symmetry in elite middle distance runners

In silico modeling of tibial fatigue life in physically
active males and females during different exercise
protocols

Female runners demonstrate a greater decrease in
knee flexion with age than males

The effect of increasing step rate on foot progression
angle during running

Transverse thorax-pelvis movement patterns in
runners with and without mild non-specific low back
pain

Quantifying change of direction movements in youth
soccer players using wearable technology

A systematic review: Long range correlations in
running gait

The between-day repeatability for peak tibial
acceleration during track running

Potential influence of stiffening elements on
metatarsal-phalangeal joint flexion and running
economy

A multiscale EMG-assisted muscle-force driven finite
element analysis pipeline to investigate knee joint
mechanics in functional movements: towards a rapid
multiscale modeling toolbox

Development of a finite element model of the rat knee
joint to estimate the articular cartilage biomechanics
during gait

Songning Zhang

eumnin ko

Evan Dooley

Jan Lau

Andrew Traut

Christopher Napier

Esthevan Machado dos
Santos

Geoffrey Burns

Stacey Meardon

Heather Hamilton

Katie Farina

Maria Jesus Celedén

Aki-Matti Alanen

Taylor Wilson

Zoe Y.S. Chan

Scott Tucker

Amir Esrafilian

Gustavo A. Orozco



Approximation method to calculate the elasticity
tensor for hyperelastic finite element models

A statistical shape model of the tibia-fibula complex:
Effects of age on reconstruction accuracy from

anatomical landmarks

Design and evaluation of a mixed reality spine surgical
simulator benchtop configuration based on the
workspace of haptic device and simulator users

Effect of transverse plane alignment on knee contact

mechanics during running

Learning from the measurable: Predicting changes in
hill-type muscle parameters from lateral pinch

Objectively defining design parameters associated with
self-selected lumbar support prominence

Trunk muscle co-activation in and out of an episode of
low back pain during the balance-dexterity task

Exploring the correlation between rotational and
translational joint passive stiffness -- A porcine in-vitro

investigation

Reliability and accuracy of an on field methodology for

ACL risk of injury screening

Multi-segment components of induced power
generation during pitching in collegiate baseball

players

Center of mass vertical velocity in short misses in the

basketball shot

Correlation between the kinematic analysis and the
field testing on the efficiency of the forehand throwing

on ultimate frisbee

Biomechanics of the landing for double salto backward

stretched in the horizontal bar

Characterizing tibial accelerations and exposure
in collegiate basketball players during games and

practices

Role of each leg in generating linear and angular

impulse in baseball pitching

Clinical tests can predict trunk control during unilateral

landings

Hip Range of Motion and Pitching Biomechanics in

Adolescent Baseball Pitchers

Sagittal plane kinematics of partnered and individual

triple steps in swing dancing

Effects of dissociation on muscle activation and torque

during stationary cycling

Manuel Lucas Sampaio
de Oliveira

Olivia L Bruce

Sneha Patel

David Penaranda

Kalyn Kearney

Jessa Buchman-Pearle

Yue Ai

Jeff Barrett

Alfredo Ciniglio

Arnel Aguinaldo

Casey Wiens

Erika Salcedo Revelo

Franklin Camargo

Jereme Outerleys

Jun Liu

Karine JV Stoelben

Cody Dziuk

Meredith Wells

Milena Santos



Clinical estimation of movement behavior predictive of Rachel K. Straub
vertical ground reaction forces during athletic tasks

Neuromuscular profile of the lower limb in Colombian
female soccer players in the training process

Functional forearm fatigue response to changing stride

length in baseball pitchers

The Effects of Drive-Leg Knee Valgus Angle on Ground
Reaction Forces During Baseball Pitching

Ground reaction force differences between two forms

of squats

The influence of sports-related concussion on
cognition and landing biomechanics in collegiate

athletes

Inertial measurement unit for determining elbow

torque during baseball pitching

Body composition and segmental sequencing in

trained softball athletes

Should major league baseball adjust the mound

distance?

Correlation of Glenohumeral Internal Rotation Deficit,
Total Range of Motion, and Retroversion to Shoulder
Kinetics in Collegiate Baseball Pitchers

Are distal throwing arm kinematics predictive of
maximum elbow valgus torque or ball velocity in youth

baseball pitchers?

Limb symmetry during a cutting task in athletes with
and without a history of sports-related concussion

Sprinting with prosthetic versus biological legs: an

unfair advantage?

Concurrent changes in median nerve deformation and

displacement during gripping

In-vivo measurement of wrist angles during the dart-
throwing motion using inertial measurement units

There is no repeated bout effect on the torque-
frequency relationship of the elbow flexors

Effects of localized muscle fatigue on muscle activation
during a multi-joint repetitive task

Effect of thumb ip joint posture on cmc joint
movement during thumb opposition

Carpal bone arch changes in response to carpal bone

rotation

Inter- and intra-oarticipant uniformity of muscle

activation during wrist motion

Mauricio Daza

Ryan Crotin

Anthony Fava

Jason Wicke

Jason Avedesian

Cody Dziuk

Kenzie Friesen

Megan Stewart

Marc Duemmler

Tessa Hulburt

Warren Forbes

Owen Beck

Aaron Kociolek

Gabriella Fischer

Avery Hinks

Erika Renda

Hiroshi Kurumadani

Jocelyn Hawk

Oluwalogbon Akinnola
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+ Capturing In-season Change of Direction Movement
Pattern Variability in Youth Soccer Players with IMUs

+ Classification of high knee flexion postures using
feature and time-series based distance approaches

+ Validation of a wearable sensor OpenSense model for
evaluating motor variability in gait

+ Between-day and Between-condition Reliability for
Accelerometer Measurements of Ground Contact Time

+ Using wearable technology to quantify adherence to a
neuromuscular training warm-up in youth basketball
and soccer players

+ Validation of In-Shoe Force Sensors for Measuring
Ground Reaction Forces During Walking

+ A Weighed K-Nearest Neighbors classifier as a tool for
identification of activities of daily living in subjects with
Parkinson’s Disease

+ Implementation of inertial sensors for anaerobic
resistance tests

+ Comparisons Between Researcher-Placed and Subject-
Placed Wearable Sensors

+ Examining the association of backward walking velocity
with forward balance control in healthy adults

+ Sex and height effects on unilateral landing on hip joint
loading, ground reaction forces, and lower extremity
kinematics

+ Tasks used when determining return-to-activity in
paediatric patients following an anterior cruciate
ligament reconstruction: a systematic review

+ Design of a swelling suture anchor for improved
fixation to osteoporotic bone

17:15-17:30

POSTER QUIZ

Location: Online
17:30-19:00

SOCIAL MINGLE

Location: Online

17:30 - 18:30

STUDENT HAPPY HOUR

Location: Online

Aki-Matti Alanen

Annemarie F. Laudanski

Christopher Bailey

Hannah Dimmick

Lauren Benson

Kaleb Burch

ALBERTO ISAAC
PEREZNSANPABLO

Andres Cervantes Villa

Matthew Ruder

Kirat Shukla

Joshua Lardie

Micheal Del Bel

Rena Mathew



Thu 29 Jul 2021

10:30 - 11:30

ADVANCING WOMEN IN BIOMECHANICS MEETING

Location: Online

Becoming an Ally

The goal of this one-hour workshop is to provide practice in recognizing and addressing bias
through specific scenarios and discussion of positive responses. There will be break-out rooms
where scenarios will be enacted. Participants in small groups will work together to recognize

biases taking place and how best to respond. This session is open to all, and men are especially
encouraged to participate. Scenarios will include hiring, reviews and promotions, meeting dynamics,
mentorship and sponsorship, and everyday interactions. Our aim is to provide a safe environment
for meaningful discussions. This workshop is organized by “Advancing Women in Biomechanics”
(AWB).

11:30 - 11:45

SHORT WELCOME

Location: Online

11:45 - 12:45

OH1 - CLINICAL BIOMECHANICS

Location: Online

Chair: Eva Andersson

Presentation title/Abstract title Speakers/Authors

11:45 Biomechanical characterization of the primary fixation  Christian Schulze
stability of different acetabular cups with respect to
segmental acetabular bone defects

11:57 Superimposition of ground reaction force on tibial Miriana Ruggeri
articular surface: a novel approach to support
diagnosis and treatment of early knee osteoarthritis

12:09 Supine versus weight-bearing computer tomography in  Claudio Belvedere
surgically-treated patella instability: an investigation on
ligament length change between two different loading
conditions

12:21 Relationship between knee range of motion and gait Marina De Vecchis
function pre and post-total knee replacement

12:33 Recovery of weight-bearing symmetry after total hip Sénia A. Alves
arthroplasty depends on activity and pre-surgery
values



11:45 - 12:45

OH2 - LOCOMOTION: GENERAL

Location: Online
Chair: Lizeth Sloot

Presentation title/Abstract title Speakers/Authors

11:45 Which metabolic cost models most accurately predict ~ Abraham Israel Luis
energetics at different speeds of walking? Pena
11:57 Model-based closed-loop control of locomotion Huawei Wang

via muscle reflexes and spinal synergies: A direct
collocation-based system identification approach

12:09 Inclination of talocrural joint axis: In vitro studies and Peter Wolf
morphological considerations not confirmed in walking
condition

12:21 Do different activation patterns between the lateral Raphaél Hamard

and medial gastrocnemius translate into different
fascicle behavior during walking?

12:33 Bracing Results in Immediate Improvements in Gait Ruth Higgins
Mechanics for Patients with Adult Spinal Deformity

11:45 - 12:45

OH3 - MUSCULOSKELETAL MODELLING

Location: Online
Chair: Brian Umberger

Presentation title/Abstract title Speakers/Authors

11:45 Bone alignments via weight-bearing CT scans and 3D Alberto Leardini
reconstruction tools in the flat foot

11:57 Computational modelling of proximal and distal Andreas Lipphaus
epiphyseal and appositional growth of the femur in
children

12:09 Measuring knee joint laxity in four DOF in vivo usinga  Hannah Katharina Fabro
robotics- and image-based technology

12:21 Identification of optimal laxity tests to stretch Michael Skipper
individual parts of knee ligaments Andersen

12:33 Review of musculoskeletal modelling in a clinical Samuel Smith

setting: current use in rehabilitation design, surgical
decision making and healthcare interventions

11:45 - 12:45

OH4 - ORTHOPAEDICS: BONE & CARTILAGE, TENDON & LIGAMENT

Location: Online
Chair: Jennifer Shin

Presentation title/Abstract title Speakers/Authors

11:45 Mathematical modeling of degradation process of Mojtaba Barzegari
biodegradable metallic biomaterials in immersion and
perfusion setups



-
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11:57 Changes in ankle and foot joint kinematics after fixed-  Paul-André Deleu
bearing total ankle replacement

12:09 In vivo length-change patterns of the medial collateral ~Seyyed Hamed Hosseini
ligament throughout complete cycles of level walking Nasab

12:21 Characterization of collagen structural response to in Isabella Silva Barreto
situ loading of the rat Achilles tendon

12:33 Functional performance associated with triceps surae  Kayla Seymore
muscle and tendon morphology in patients with
achilles tendinopathy

11:45 - 12:45

OHS5 - MUSCULOSKELETAL MODELLING AND SIMULATION

Location: Online
Chair: Matthew Handford

Presentation title/Abstract title Speakers/Authors

11:45 Sensitivity analysis of joint contact forces to individual ~ Erica Montefiori
muscles maximal isometric force using a Gaussian
process emulator

11:57 Musculoskeletal trunk model for simulation of scoliosis Hamed Shayestehpour
deformities
12:09 Hamstrings contraction regulates magnitude and Ryo Ueno

timing of peak anterior cruciate ligament loading
during drop vertical Jump in female athletes

12:21 Application of a novel multiscale modeling toolbox Amir Esrafilian
to characterize knee joint mechanics during daily
activities and rehabilitation exercises in knee
osteoarthritis individuals

12:33 Applied biomechanics and computational modelling to  Caryn Urbanczyk
prevent and manage upper extremity injuries in rowing

11:45 - 12:45

OH6 - ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING
Location: Online
Chair: Emma Tole

Presentation title/Abstract title Speakers/Authors

11:45 Lower-limb joint torque prediction using multi-step Longbin Zhang
deep learning approach

11:57 Prediction of finger movements via a Frederik Thies
reservoir-computing neural network driven by
electromyographical data

12:09 Frontal-parietal delta microstate-based Brain Sanya Varghese
computer interface improves Knee Gait Trajectory and
Phase Prediction

12:21 High density and bipolar sSEMG based ankle joint Asta Danauskiene
torque prediction using machine learning

12:33 Prediction of the shape of human lumbar vertebrae Marco Sensale
from adjacent ones by singular values decomposition



11:45 - 12:45

OH7 - SPORTS BIOMECHANICS

Location: Online
Chair: Izzy Moore, Co-Chair: Molly McCarthyRyan

Presentation title/Abstract title Speakers/Authors

11:45 Frontal plane knee control with regard to leg Sabrina Erdrich
dominance in female adolescent competitive handball
players during a drop vertical jump

11:57 Anatomical predictors of sagittal hip kinematics during Dalia Al Otti
deep squat in adolescent males with and without CAM
deformity

12:09 Development of a 3d musculoskeletal simulation Dieter Heinrich

model to estimate muscle and knee ligament forces
during carved turns in alpine skiing

12:21 The validity of the GPS-based accelerometer to Michael Lawson
measure foot stance characteristics during running

12:33 Effects of 4-week transcranial direct current Songlin Xiao
stimulation combined with foot core exercise on foot
muscle strength and ankle kinesthesia

11:45 - 12:45

OH8 - MOTOR CONTROL

Location: Online

Chair: Paola Contessa, Co-Chair: Jennifer Vojtech

Presentation title/Abstract title Speakers/Authors

11:45 Pain-induced adjustments in motor Unit discharge Eduardo Martinez-
depend on contraction speed Valdes

11:57 Impact of personality on postural control - a pilot study Justyna Kedziorek

12:09 Corticospinal excitability during and after stretch- Lea-Fedia Rissmann

shortening cycle contractions compared with pure
shortening contractions

12:21 Uncontrolled manifold analysis of effects of different Matthew Slopecki
fatigue locations on coordination during a repetitive
pointing task
12:33 Inter-individual variation in coordination and control of = Stuart McErlain-Naylor
countermovement jumps
12:45 - 14:15

POSTER SESSION C

Location: Online

Presentation title/Abstract title Speakers/Authors

* Increased postural threat alters control of dynamic Noah Rosenblatt
stability in response to external perturbations that
induce a step



The relationship between 2D and 3D sacropelvic
measurements

Musculoskeletal simulations of high knee flexion tasks:
knee ligaments geometry definition

Musculoskeletal modelling: relevance of model
anatomical consistency

Cadaveric knee simulator in orthopaedic training to
quantify joint kinematics for active functional motions

Assessing the mechanical properties and stress
distribution in dynamic Ankle Foot Orthoses: bench
testing and FEA

Kinematic Analysis of the Human Body using Machine
Learning Technique

BrokenPose: why we need custom models for
markerless motion analysis

Improved balance analysis accuracy using a functional
base of support model

Differences in single leg postural control when
assessed over time in professional rugby union players

Foot and ankle joint coupling in balance and gait

Intra and intersession reliability of centre of pressure
measures in older adults during bipedal static postural
tests

The effect of feet position on standing balance in
pediatric patients with flatfeet

Limits of stability in cognitively healthy individuals and
mild cognitive impairment

The vertical balance control system in children with
cerebral palsy is more synchronized compared to
healthy children

Energy dissipation while landing from a jump

Anticipatory Postural Adjustments During Gait
Initiation in People with Mild Chronic Low Back Pain

Video game based kinematic assessment using a leap
motion controller

A novel method to assess soft tissue overloading
within the sole of the foot

Friction coefficients of cancellous bone densified with
autologous bone-particles in uncemented fixation

A finite element investigation of the tunability of non-
pneumatic tyres for wheelchair use

Nikita Ghosh

Davide Pavan

Michele Conconi

Darshan Shah

Paolo Caravaggi

Usman Saleem

Neil Cronin

Matthew Millard
Molly McCarthy-Ryan
Rosemary Dubbeldam
Diana Soares

alina khodorovvskaya
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Development of a sensor assembly to measure
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Robot-based method for analysis of knee protheses in
human cadaveric knees

Increased muscle activity in acoustic startle response
among children with recurrent pain in the head, neck
and abdomen due to chronic stress

Unraveling human-rollator-interaction using a robot
rollator simulator device

Thumb range of motion in osteoarthritis and effect on
hand function

Hiking with total knee arthroplasty: In field kinematics
in sloped walking in relationship to muscle strength

Can knee valgus kinematics be predicted by clinical
assessments during a unilateral landing task?

Influence of mandibular reconstruction employing
iliac crest flap and fibula flap on the long-term gait of
patients

Evaluation strategies for assessing finger motion
in rheumatoid arthritis to estimate impaired hand
function

Musculoskeletal alterations in children with fragile X
syndrome

Knee Joint Biomechanics Following Total Knee
Arthroplasty with Posterior Stabilized Implants

The effect of diabetic peripheral neuropathy on lower
limb biomechanics: a systematic review and meta-
analysis

Reliability of a portable system for motion analysis
in children and young adults with treated obstetrical
brachial plexus palsy

Quadriceps muscle and pain during daily activities for
total knee arthroplasty patients

Comparison between two mobile applications
measuring shoulder elevation angle - A validity study
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supporting exoskeletons
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Microscale compressive behavior of hydrated lamellar
bone at high strain rates

A high-fidelity finite element model of the
cerebrovasculature for brain injury simulation

The axial impact response and plantar load
distribution of the hybrid Il and MIL-Lx under altered

ankle postures

Knee biomechanics of single leg hop landings
after primary anterior cruciate ligament repair and

InternalBraceTM augmentation

New home exercise program for the Swiss Box

Lacrosse National Team

Experimental investigation of human head interaction
with deformable elasto-plastic unsecured object
placed in the vehicle during vehicular frontal crash

Influence of a mixed reality training on gait in people

with mental disabilities

Gait asymmetry results in symmetric relative efforts
between affected and unaffected side musculature in
children with hemiplegic cerebral palsy

The effect of lower limb loss on the stability and
variability of kinematics and muscle activations during

walking

Hip contact forces in paediatric patients with increased

femoral antetorsion

Comparison of the post-operative knee abduction-
adduction angle measured during surgical navigation
and treadmill gait: A preliminary study

The change of foot clearance and cognitive
performance between single and dual task conditions
of healthy older adults and people with Parkinson’s
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The role of cutaneous afferents on mechanically

induced stretch reflex excitability

Application of deep learning-based pose estimation
methods for clinical gait outcome measures
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measured with the GAITRite instrumented walkway
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Validity and reliability of a mobile insole to measure
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comparison of three hamstrings exercises
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Dynamic estimation of soft tissues stiffness of lower
limb segments during squatting
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Predictive simulations of step initiation to study origins
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excitations at different walking speeds?

Ex-vivo assessment of a novel technique for restoring
native collateral ligament strains in total knee
arthroplasty

A numerical model to simulate crack propagation in
articular cartilage under cyclic loading

Repeatability of cartilage oligomeric matrix protein
kinetics in response to a walking stress test

The effect of abduction angle and infraspinatus load
on supraspinatus articular surface strain
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implantation process and primary stability
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efficiency
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Impact of foot strike pattern on ankle plantar flexor
muscle function during running at different speeds
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comparison
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* Movement quality in subjects with osteoarthritis and  Jill Emmerzaal
after total joint arthroplasty assessed by a single
accelerometer

+ Lyapunov estimation from smartphone acceleration Nahime Al Abiad
signals: Comparison between elderly and young adults

+ The performance of a novel implantable strain sensor  Naomi Adam
under replicated in vivo conditions

+ A novel method for equine gait event detection Eloise Briggs

+ Improved accelerometer assessed physical activity Manne Godhe
patterns after an eight-week exercise intervention.

+ Validation of a LiDAR-based player tracking system Theodoros Bampouras
during football-specific tasks

+ Step count is related to habitual weight bearing Alison Agres
asymmetry in the workplace: An occupational study in
hotel employees

* An Automatic Inertial Measurement Unit Alignment Qingyao Bian
Pipeline in Human Motion Measurement

« COVID-19 impact on physical activity: A covistress Ukadike Chris Ugbolue
qguestionnaire evaluation

+ Effect of total contact cast on lower limb kinematics Nachiappan
and kinetics during walking gait Chockalingam

+ Determining the optimal limb symmetry index Micheal Del Bel

threshold for classifying anterior cruciate ligament
injury status in pediatric patients

* A dynamic model of the ankle joint with artificial Maria Ruiz
articular surfaces and its validation against
corresponding experiments

14:15 - 14:30

POSTER QUIZ

Location: Online

14:30 - 15:15

LUNCH BREAK

Location: Online



15:15 - 16:15

KEYNOTE LECTURE: HOW DO BIOMECHANICAL FACTORS INFLUENCE
EXERCISE PRESCRIPTION ON THE INTERNATIONAL SPACE STATION (LORI
PLOUTZ-SNYDER)

Location: Online

LORI PLOUTZ-SNYDER

Lori Ploutz-Snyder earned her B.S. and M.S. degrees in zoology (1989)
and Ph.D. in biomedical sciences (1994) from Ohio University. She
conducted post-doctoral research at Michigan State in physiology and
radiology especially developing muscle functional MRI techniques.

In 1996, she joined the faculty of Syracuse University as an assistant
professor in Exercise Science and rose to professor in 2008, while serving
as the chair of the Department of Exercise Science from 2004-2008.

She worked collaboratively at Syracuse and held joint appointments in
Physical Medicine and Rehabilitation, Physiology and Neuroscience, and
the Center for Policy Research. In 2008, she joined the NASA Johnson
Space Center and University Space Research Association as NASA's Lead
Scientist for exercise physiology and countermeasures. In this role, she
was responsible for NASA's research portfolio for the preservation of
cardiovascular, skeletal muscle and bone health during long duration
spaceflight. In 2013, she was appointed as a musculoskeletal alterations
team leader at the National Space Biomedical Research Institute at
Baylor College of Medicine. In July 2016, she was appointed Professor

of Movement Science and Dean of the School of Kinesiology at the
University of Michigan.

Professor Ploutz-Snyder’s research focuses on skeletal muscle physiology, the development and
optimization of exercise programs for special populations and the integrative effects of exercise.
This includes identifying targets for exercise intervention such as functionally relevant thresholds of
muscle strength or aerobic fitness. She has worked with diverse populations ranging from athletes
and NASA astronauts to frail elderly, stroke survivors, children with cerebral palsy and adults with
Down Syndrome.

16:15 - 16:45
FULLY INTEGRATED MOVEMENT ASSESSMENT WITH QUALISYS,
NORAXON AND H/P/COSMOS

Location: Online

h/p/cosmos and Noraxon join Qualisys to demonstrate how to create a fully integrated, digital
workflow to analyse locomotion on an instrumented treadmill.

The session will be streamed live from German Sport University, Cologne

16:45 - 17:00



17:00 - 18:00

Ol1 - BALANCE AND POSTURE

Location: Online
Chair: Antonia Zaferoiu

Presentation title/Abstract title Speakers/Authors

17:00 Triple inverted pendulum model links joint-specific Courtney M. Butowicz
contributions to postural sway in persons with lower
limb loss

17:12 Control of the center of mass during standing on a Maud van den Bogaart
uniaxial balance board; preliminary results

17:24 Reactive gait stability in children with cerebral palsy Pieter Meyns
and the effect of videogame-based balance training

17:36 A progressive treadmill perturbation protocol for Hala E. Osman
assessment of reactive balance responses in stroke
survivors

17:48 Anthropometric adiposity measures, not body mass Noah Rosenblatt
index, relate to measures of trip-related fall risk in
older adults

17:00 - 18:00

OI2 - SPECIAL SESSION: MOTOR CONTROL IN GAIT

Location: Online

Chair: Walter Herzog

GELSY TORRES-OVIEDO

Gelsy Torres-Oviedo was a Ph.D. student of Prof. Lena Ting at The
Georgia Institute of Technology and Emory University, where she
developed analytical tools for understanding the neural control of
balance and the functional consequences of changes in muscle activity.
She was a post-doc in the laboratory of Prof. Amy J. Bastian at Johns
Hopkins University and The Kennedy Krieger Institute, where she
investigated factors that enhance motor learning and generalization of
locomotor adaptation, which could improve the gait rehabilitation of

patients beyond the clinical setting.

Presentation title/Abstract title Speakers/Authors

17:00 Characterizing subject-specific adaptation of motor Torres-Oviedo Gelsy
outputs and sensory inputs in locomotion
17:24 Neuromechanical simulation with predicted ground Binbin Su

reaction force in a reflex-based model

17:36 Analysis of the activation modalities of the lower limb ~ Marco Romanato
muscles in Parkinson’s disease

17:48 Long-term savings of locomotor adaptation in human  Nikita Sharma
split-belt treadmill walking
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OI3 - SIMULATION TECHNIQUES AND APPLICATIONS

Location: Online

Chair: Stephanie Ross

Presentation title/Abstract title Speakers/Authors

17:00 A framework for continuous integration in human body Jobin John
finite element model lineup

17:12 Crack patterns around an osteon simulated with the Anna Gustafsson
phase field method for fracture

17:24 A penalty contact implementation on a highly Frederik Trommer
parallelisable cartesian mesh finite element solver

17:36 Predicting the effects of knee extensor muscle Gilmar Fernandes dos
weakening and strengthening on a post-stroke gait Santos

17:48 Computational fluid dynamics in cerebral aneurysm Alberto Brambila

17:00 - 18:00

Ol4 - LOCOMOTION: GENERAL

Location: Online
Chair: Irene Davis

Presentation title/Abstract title Speakers/Authors

17:00 Causal interactions between limbs walking with Genevieve Williams
imposed leg constraints

17:12 Initiation of arch recoil is asynchronous with the Lauren Welte
windlass mechanism in walking

17:24 Walking with increasing acceleration is achieved by Logan Wade
tuning ankle torque onset timing and rate of torque
development

17:36 Lower Extremity Joint Moment Angular Impulse during  Li Jin
Gait Transitions

17:48 A comparison of multisegment foot kinematics Nayeli Marcial
between younger and older adults during walking

17:00 - 18:00

OI5 - UPPER EXTREMITIES

Location: Online
Chair: Fredrik Ohberg

Presentation title/Abstract title Speakers/Authors

17:00 Effect of operating setting on muscle activity of the Jacqueline Toner
upper body during tree harvester simulation

17:12 Posture (slouched versus erect sitting) affects upper Aurélie Tomezzoli
limb maximal voluntary contraction levels: preliminary
results
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17:24 Biomechanics during controlled forward descentson  Justin Pifko
outstretched arms in response to Fall Arrest Strategy
Training (FAST) in older men and women

17:36 Beyond euler/cardan analysis: true glenohumeral axial ~ Klevis Aliaj
rotation during arm elevation and rotation

17:48 Effect of crutch fit on scapular motion and trapezius Gregor Kuntze
muscle activation

17:00 - 18:00

016 - MUSCLE TISSUE AND ARCHITECTURE

Location: Online
Chair: Ruoli Wang

Presentation title/Abstract title Speakers/Authors

17:00 Regional variability of shear wave velocity is different  Allison Wang
between passive and active muscle

17:12 Is there passive force-mediated enhancement of active Eng Kuan Moo
force in skeletal muscles?

17:24 3D soleus model predicts regional muscle Katherine Knaus
displacements that are consistent with dynamic MRI
measures

17:36 Does increasing passive force at the start of activation  Siwoo Jeong

increase the total isometric force of muscles?

17:48 Age-related changes to triceps surae muscle- William Clark
subtendon interaction dynamics during walking

17:00 - 18:00
OI7 - ARTIFICIAL INTELLIGENCE AND MACHINE LEARNING

Location: Online
Chair: Valentina Camomilla

Presentation title/Abstract title Speakers/Authors

17:00 Prediction of Parkinsonian gait in older adults with Andrea Sabo
dementia using joint trajectories and gait features from
2D video

17:12 Comparison of data reduction techniques and their Fabian Hoitz

effect on neural network performance

17:24 Two-dimensional video-based analysis of human gait ~ Jan Stenum
using pose estimation

17:36 Predicting ground reaction force waveforms from Ryan Alcantara
accelerometers during uphill and downhill running: A
recurrent neural network solution

17:48 Classifying individuals with and without ankle sprain Monica Russell
history using machine learning techniques



17:00 - 18:00

OI8 - MUSCULOSKELETAL MODELLING

Location: Online
Chair: llse Jonkers

Presentation title/Abstract title Speakers/Authors

17:00 Sharing the load: Strategies for modelling loads in Mohammadhossein
OpenSim simulations of two-handed lifting Akhavanfar

17:12 Simulating the effects of body weight loading on the Rostam Kojouri
arch of the foot using a dynamic model of the foot and
ankle

17:24 The effects of extracellular matrix and sarcomere Ryan Konno

length changes in cerebral palsy on muscle stiffness

17:36 Personalized gait modifications improve pain and slow  Scott Uhlrich
cartilage degeneration in individuals with medial knee
osteoarthritis: a one-year randomized controlled trial

17:48 Measuring and modelling in vivo human gracilis Lomas S Persad
passive force-length property
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18:15 - 19:45

AWARDS PRESENTATIONS
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20:00 - 21:00

ISB PRESIDENT'S LECTURE: TONI ARNDT

Location: Online

TONI ARNDT

Toni Arndt performed his undergraduate studies in New Zealand and
Australia in biology and Human Movement Sciences before receiving

a scholarship for a PhD at the German Sport University, KéIn. His PhD
involved studies concerning asymmetrical loading of the Achilles tendon.
This line of study continued at the Karolinska Insitute in Sweden as a
post-doc and he is still exploring new methods for investigating Achilles
tendon function. At present Toni Arndt is a professor in biomechanics,
specializing in lower extremity muscle-tendon function, athletic footwear
and sports biomechanics, at The Swedish School of Sport and Health
Sciences (GIH) in Stockholm. He was Dean of the Research and Doctoral
Education Board at GIH for six years. He has published approximately
90 peer reviewed scientific articles and has supervised ten PhD students
to completion. In 2020 Toni was awarded the Swedish senior prize for
sport science research. He is President of the International Society of
Biomechanics.

21:00-21:30

CLOSING CERMONY

Location: Online

21:30-22:30
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Rib Injury Prediction using Machine Learning-based Surrogate Models

Shitij Malik', Jobin D. John?, Johan Iraeus?, Mats Svensson?
Indian Institute of Technology Delhi, New Delhi, India
2Vehicle Safety Division (Injury Prevention), Dept. Mechanics and Maritime Sciences, Chalmers University, Gothenburg, Sweden
Email: jobin.john@chalmers.se

Summary

Although Finite Element (FE) Models of Human Body are
extensively used in Vehicle Safety, they are computationally
expensive for use in extensive investigations. In this paper, we
explored the use of Machine Learning to build surrogate
models as alternative fast models. Support Vector Regression
and Decision-Tree based Ensemble Models were trained and
validated for prediction of rib injury risk. Important variables
influencing rib injury risk were evaluated from the surrogate
models.

Introduction

Rib injury is a major risk of injury for vehicle occupants. FE
human body models (HBM) are widely used for evaluation of
rib fracture. These models are, however, computationally
expensive and time consuming. Cheap and fast models will be
useful for quick evaluations and to investigate scenarios
where further investigations are required using the detailed
HBM. Towards this end, the aim of this study was to develop
surrogate models to predict risk of rib fracture in a vehicle
occupant during car crash.

Methods

Rib injury risk data from FE simulations previously
published, corresponding to a fracture of at least 3 ribs in a
driver, was used as the training data for surrogate models [1],
[2]. The training data had 25 variables (which included crash
and vehicle features), which had been sampled using Latin
Hypercube sampling to generate 1000 simulations. FE models
of an average male along with a generic vehicle interior was
used in these simulations. Details of the human body models
and the simulation variables can be found in the cited studies.

In this study, the risk of rib injury was modeled using two
methods: Support Vector Regression (SVR) with polynomial
kernel and Decision-Tree based Ensemble Gradient Boosting
Regression (GBR) with least squares loss function. The input
variables were centered and scaled using Standard Scaler
Transformation and the targets (risk values) were scaled using
Quantile Transformation. Scikit-Learn was used to pre-
process the data, train, and validate the surrogate models.

Results and Discussion

Five-fold cross-validation of the models yielded maximum
scores of 0.87 for SVR and 0.93 for GBR. The cross-
validation curves for both the methods plateaued at
approximately 500 samples (Fig. 1). Decision tree ensembles
are versatile enough to handle nonlinear relationships and
interactions between variables, and hence may explain the
better performance of GBR.
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Figure 1: Learning curves for the two models.

The rib injury risks had a heavy right-skewed distribution,
requiring transformation to obtain acceptable model accuracy.
Quantile transformer, that converted the targets to an
approximate uniform distribution, gave a better accuracy
compared to other transformations like log.

The relative importance of the variables was evaluated on the
GBR model. Change in velocity, airbag trigger time, and
direction of impact influenced the risk of rib injury the most
among the variables simulated in this study.

Conclusions

We developed surrogate models as fast and cheap alternative
to finite element models for injury prediction. For a set of 25
variables, approximately 500 simulations were required to get
an accuracy of 0.9. From the surrogate models, change in
velocity and airbag trigger time during a crash were found to
have the most influence on the risk of rib fracture for a driver.
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Summary

Applying machine learning techniques to video data for
improving our understanding of biomechanics in the field is
increasingly popular. Historically, the bulk of biomechanical
research relied on marker-based optical motion capture systems
to determine joint kinematics and kinetics. This study proposes
a method to synthesize two-dimensional (2D) video frames
from three-dimensional (3D) motion data, to create datasets of
scale that can leverage machine learning approaches for
biomechanical analysis. The results of this proof-of-concept
study indicates that the proposed synthesized data method
provides a feasible alternative to experimental data capture.

Introduction

2D video data is becoming increasingly relevant for in-field
biomechanical analysis. When coupled with pose-estimation
(PE) algorithms, 2D video alone may be sufficient to determine
joint kinematics and kinetics. Large datasets containing force
plate, 2D video, 3D motion capture and/or inertial sensor data
can be leveraged to improve the accuracy and validity of PE
methods — especially for kinetic parameter estimations [1, 2].
Since such datasets are limited, this study presents a method to
simulate 2D video frames and PE skeleton keypoints based on
3D motion capture data. In practice this method serves to
facilitate the reuse of 3D motion capture databases by enlarging
the available 2D video datasets for PE training, and also
provides insight into the minimum number required, and
optimal location of, 2D cameras.

Methods

This proof-of-concept study used previously collected and
synchronized 2D video and 3D motion capture data.

motion capture silhouette

rig

Figure 1: Workflow overview.

The motion capture data was used to create and drive a human
silhouette in the open-source 3D computer graphics program
blender (version 2.79). For this purpose, joint centers/locations
of the bilateral ankle, knee, hip, shoulder and foot (endpoints),
pelvis center, neck and head, were used to create a human
skeleton rig. Using the MakeHuman plug-in for Blender, a
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human silhouette was fitted to the rig and the marker data to
model the participant’s body shape (Figure 1). To validate the
approach, the resulting model was screen captured in Blender
software from the same camera view as the original 2D video.
OpenPose [3] was used to determine keypoints in both the
original video and the animated video. The Euclidean distance
difference between the two associated keypoints over time was
calculated to examine the accuracy of the method.

Results and Discussion

Mean Euclidean distance difference between the original and
animation derived keypoints was smaller than 10 pixels (Figure
2). Only lower limb and trunk keypoints are shown as the 3D
motion capture data used did not include arms. The method was
validated for a single, perfectly orthogonal sagittal camera
view, although different camera views can be constructed in
blender to create 2D videos of the animated model. The position
of the camera will most likely influence the keypoint PE results
in a similar way for both, original videos, and animations.

right hip
left hip
right knee
left knee
right ankle
left ankle
right heel
left heel
neck

right eye

left eye

15

Euclidean distance

20 25 30 35 40

Figure 2: Euclidean distance between original video and animation.
Conclusions

The Python plug-in for Blender enables the automated creation
of videos from multi-view camera angles, facilitating the reuse
of 3D motion capture datasets for 2D video-based machine
learning applications.
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Summary

Our study extends previous research by proposing a
lightweight, Al based method to assess muscle and ten-
dons unit (MTU) behaviour during fast locomotion. We
demonstrate that our method does not significantly dif-
fer from the current gold-standard.

Introduction

Within the MTU, muscles and tendons have different
properties, contribute differently to external loading and
adapt dissimilar to training stimuli. Imbalances in mus-
cle strength and tendon stiffness can lead to injuries or
impede the interplay of muscles and tendons for effi-
cient states of locomotion [1]. Investigations of mus-
cle and tendon dynamics during locomotion involve sev-
eral obtrusive sensors such as 3D motion capture, ultra-
sound (US), electromyography and force measurements
[2]. This is complex, especially during fast movements
like running due to high accelerations and skin perspira-
tion. Therefore, simple methods overcoming these prob-
lems are desired. Kidzinski et al. [3] have demonstrated
a quantitative movement analysis using single camera
videos and deep neural networks. Our work aims to val-
idate the estimation of MTU, muscle belly and Achilles
tendon (AT) length changes using a lightweight labora-
tory setup consisting of an US probe and a single camera

video during running.
‘! Ultrasound

!i Hip
& transducer.

-_t '
\i ”

Figure 1: Al tracked landmarks. Red arrows in hip, knee and
ankle indicate the joint angle. White markers with orange cross
are used to estimate US probe and MTJ positions.

Methods

Data were collected from 14 participants. Videos were
captured with one Miqus (Qualisys, Goteborg, Sweden)
camera from the lateral view while running on a tread-
mill at various speeds between 6-18 km/h (Fig. 1). US
recordings were collected on the medial gastrocnemius
(MG) using the ArtUs EXT-1H with the LV8-5NG0-A2
transducer (Telemed, Vilnius, Lithuania) operated at
7.5MHz (image-rate: 80Hz). The US probe was tightly
connected to the lower limb using a custom made cast.
In 3 subjects we synchronously captured recordings us-
ing a Miqus 3D motion system. For the AI pose es-
timation we used an open-source deeplearning toolbox
[4]. We re-trained provided networks to extract joint
markers in our collected 2D video files. For the calcula-
tion of MTU lengths we used the estimation method by
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Hawkins et al. [5]. The automated tracking of the mus-
cle tendon junction (MTJ) in US images using deepMTJ
[6] and markers on knee and calcaneus allowed the es-
timation of muscle and AT lengths. Subsequently, we
compared MTU lengths calculated from joint angles of
the 3D motion system with the 2D camera view. We
used Bland Altman plots and two sample paired t-tests
in 1dSPM [7] to estimate differences in the methods and
time series of MTU length, respectively.

Results and Discussion

We observe that MTU lengths estimated with our pro-
posed method (Fig. 2) do not significantly differ to the
gold standard [t(1,46)=4.13301, p < 0.05] (Results for
the AT and muscle belly use the same marker kine-
matics and are not shown). Thus, our work provides
a lightweight and easily applicable setup for functional
assessments of muscles and tendons during fast locomo-

tion.
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Figure 2: (A) The Bland Altman plot compares MTU length
estimates using a conventional setup to our proposed Al based
method (32.800 samples, 47 videos, 3 participants, running speeds
6-16 km/h). Our method underestimates MTU length by a mean
of —0.35 £ 0.75% to the current gold-standard. (B) Normalized
MTU lengths over 4 gait cycles calculated with the regression
equation by Hawkins et at. [5], captured in 10 recordings, of one
representative participant, running at 16km/h.
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Summary

Whether machine learning methods can successfully be
employed for optimal shoe midsole rocker parameter
selection for peak pressure minimization was evaluated. The
study is motivated by the demonstrated benefits of peak
pressure reduction in preventing the development of diabetic
foot ulcers in diabetic patients. Random Forests and
Convolutional Neural Networks were trained on data
gathered from 9 healthy subjects.

Introduction

With the rise in diabetic cases, with estimated 422 million
cases worldwide [1], related issues have garnered attention.
One of such is diabetic foot ulcers, with a global prevalence
of 6.3% [2]. If not successfully treated, these may result in
amputation.

Previous research has shown that diabetic foot ulcers can be
prevented by reducing plantar pressure. To achieve this,
special shoes with varied midsole rocker profiles have been
developed [3], with a goal to reduce maximum peak pressure
to less than 200 kPa if possible, or if not, then by at least
30%. While such footwear shows promise, selecting and
producing individualized shoes can be resource-intensive,
and may rely on the intuition of orthopedic shoe technicians
and trial-and-error. This study examines the possibility of
using machine learning to predict individualized optimal
rocker parameters that reduce peak plantar pressure.

Methods

Nine able-bodied subjects with shoe size of 42 were
recruited. Each subject was tested with 24 forefoot rockers
with varying parameters, including 3 rocker apex positions, 2
apex angles (both with respect to shoe’s long axis), 2 rocker
radii and either stiff or flexible sole (along forefoot rocker
apex). This was achieved using a “’sneaker” type shoe with
replaceable forefoot mid- and outsole (Table 1). With first
their usual sneakers then with each rocker shoe (in
randomized order), each subjects were asked to walk on a
treadmill at 3 different speeds (randomized) — normal, faster

Table 1. Midsole rocker parameters in the 24 tested shoes

Parameter | Values
Apex pos. (% sl) 55, 60, 65
Apex angle (°) 65, 85
Radius (mm) 177,208

Sole stiffness Flexible, stiff
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and slower, defined as mean +1 SD of reported comfortable
walking speeds adjusted for age and height [4], resulting in
75 trials per subject, with at least 12 strides in each trial.
Plantar pressure was measured with instrumented insoles
(pedar, Novel) at 100 Hz.

The data was then processed with derived features for the
classification task. For each subject features extracted
included average of peak pressure values over the steps
recorded, 2D coordinates of the peak pressure value over all
steps, mean and variance modelling pressure distribution
from peak pressure point as measured for the control shoe.
To prepare labels, for each rocker setting the average of peak
pressures was compared to 200 kPa, and noted as 1 —
positive sample if the value was less and 0 if the value was
greater, resulting in a multi-label dataset.

Random Forests and Convolutional Neural Networks were
used for classification. The dataset was split with a 7:2 ratio
for training and testing.

Results and Discussion

The resulting accuracy was 0.76 for Random Forests, while
CNN failed to converge with accuracy near to random
guessing. The latter is likely caused due to insufficient
number of samples. One possible way to amend the issue
would be adding augmentation using gaussian noise to the
training samples.

Another limitation is using only 2 data points for testing,
which gives a limited idea of the generalizability of the
model to the general population.

Conclusions

Random Forests show some promise in achieving the stated
objective, while the data recorded is not enough to train
Convolutional Neural Networks. Further study is required to
choose the best method for the approach and better estimate
the generalizability.
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Summary

In this work, a system for automatic error detection in rowing
technique is proposed, based on measurements from a single
gyroscope. A machine learning method to classify correct vs
incorrect strokes was cross-validated, based on motion
capture data from nine subjects, obtaining a 79.5% accuracy.

Introduction

Sequential movement of the legs and trunk during rowing
strokes is crucial during the drive phase, allowing greater
acceleration of the boat and preventing raising the hull in the
water. The legs should be in near complete extension before
the initialization of trunk extension. A common error occurs
if this does not happen which shows up as a double “hump”
in the trunk velocity graph that otherwise has a unique peak
for correct gestures. A similar trend can be observed in the
generated force, causing a less efficient stroke [1]. In this
work we hypothesized that this error could be detected using
an inertial measurement unit (IMU) mounted on the athlete’s
trunk (at C7 level). In particular, a machine learning based
method to recognize incorrect gestures was proposed based on
the analysis of angular velocity measurements.

Methods

Experimental data was collected involving nine male able-
bodied participants, experienced rowers (17+3 years). The
participants were asked to perform two trials of 15 rowing
strokes on an ergometer (> 32 strokes/min). The participants
wore: @) motion capture markers to track seat, trunk (C7
vertebra) and right hand wrists motion, and ») one IMU
mounted on the trunk over the C7 vertebra, according to the
experimental protocol already described in [2]. Data was
automatically labelled in terms of correct/incorrect strokes
using motion capture data according to the method proposed
by Kleshnev et al. [1]. Labelling was obtained as follows: 1)
single strokes were segmented by detecting peaks in the wrist
position data, 2) trunk and seat position data were processed
with a smoothing spline (smoothing parameter of 0.9999) and
then differentiated to obtain a velocity estimation, and finally
3) the first peak of seat and trunk velocity from each
individual stroke was detected. Strokes were labeled as correct
if the first peak of the seat velocity preceded the peak of the
trunk velocity, and as incorrect if the contrary took place [1].
After labelling the sequences, classification features were
extracted from the segmented angular velocity data. In a
correct stroke, during the initial part of the drive phase
(marked as thick in fig 1), velocity should increase linearly
and monotonically, therefore Pearson and Spearman
correlation with time of this segment were proposed as
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discriminative features. In addition, the slope of the line
between the start (median of the 10 first samples) and end
(median of the 10 samples around the max) of this phase and
the area of the main cavity in the graph (occurring if a non-
monotonic behavior of the angular velocity was observed)
were also proposed as features (fig. 1). Several machine
learning models (Naive Bayes, SVM, Random Forrest, and k-
Nearest Neighbor) were compared, hyperparameters were
selected through a grid search, and the models were cross
validated by using Leave One Subject Out-Cross Validation
(LOSO-CV). LOSO-CV was chosen since it allowed testing
the inter-subject reliability of the method [3]. Processing was
done using MatLab (vs2020a, The Mathworks, Natick, USA).

Results and Discussion

In total 273 strokes were identified, 141 were labeled as
correct and 132 as incorrect. The k-NN classifier showed,
through LOSO-CV, a best accuracy of 79.5% in recognizing
incorrect and correct strokes (80.9% sensitivity, 78%
specificity, Fi score 0.8). The use of LOSO-CV was crucial
due to the relatively small number of participants. In future
works, we plan to collect a larger pool of participants to
increase the robustness of this preliminary, but promising
system. Since the proposed solution only requires one
gyroscope, it could be easily embedded in a smartphone,
opening scenarios for a fully portable solution for sport
practitioners.
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Summary

Mineral components relate to bone mechanical properties.
We proposed a method to change the bone mineral
configuration and mechanical properties by voltage
application. In this study, hydroxyapatite formation of
mineral components was confirmed in X-ray diffraction
profiles. The change of bone elastic modulus in the voltage
application process was obtained under bending test.

Introduction

Bone mainly consists of type-1 collagen and minerals such
as hydroxyapatite, and the mechanical properties of bone
tissue depend on the alignment and amount of the mineral
components. Shah et. al. showed that bending strength of
bone samples decreased in demineralization process using
ethylenediaminetetraacetic acid (EDTA) [1]. We previously
observed apatite formation on titanium surface and on bone
surface located at the cathode side of voltage application
with direct current (DC) in synthetic apatite solution [2]. In
this study, we attempt to control the formation of mineral
components on bone tissue and to change the mechanical
properties of the tissue by voltage application.

Methods

Bone specimens cut out from the cortical region of a bovine
femur were prepared to be 3x3 mm square area and more
than 30 mm length for bending tests and wrapped by
titanium wire used for electrode. Then, the specimens were
immersed in phosphate buffered saline and respectively
connected for both anode and cathode side of DC power
supply. The specimens were applied constant voltage of 10
V for a day in 37°C. After that, they were observed by
microscope and deposit on surface was analyzed with X-ray
diffraction system. Finally, elastic modulus of the specimens
was measured by 3-point bending test.

Results and discussion

Mineral deposit appeared on the bone surface located at
cathode side of the voltage application and the deposit had
unique X-ray diffraction peaks that were (002), (211), (213)
and (004) of hydroxyapatite, as shown in Figure 1. Figure 2
shows the elastic modulus change (AE) of each bone
specimen located at cathode and anode sides, respectively.
Here, EDTA samples were used to confirm the effect in the
case of progressive demineralization. As a result, elastic
modulus of the bone located cathode side decreased similar
to EDTA and of the bone located anode side increased. The
deposit having hydroxyapatite crystal structure was formed
under the voltage application although the components of
hydroxyapatite were not fully contained in the phosphate
buffered saline. It was confirmed that the hydroxyapatite
components transferred from bone samples located at anode

side to cathode side, thereby mineral formation and elastic
modulus change were realized in this process.
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Figure 1: The X-ray diffraction pattern of (a)hydroxyapatite and
(b)deposit.
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Figure 2: Comparation of elastic modulus change (AE).
Conclusions

Mineral formation on the bone surface and the changes of
elastic modulus of specimens were induced by voltage
application. This method is available for improving bone
mechanical properties.
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Summary

In this study, we evaluated the influence of different
excipients on the efficacy of drug-coated balloon (DCB)
therapy. We employed a previously established integrated
model to quantify a variety of measures, associated with the
treatment: tracking loss, vessel adhesion, drug release,
uptake, and distribution. Moreover, we performed a
parametric study to evaluate the potential influence different
types of lesions would have on drug-coated balloon therapy.
We found a strong correlation between the hydrophobicity of
the excipient and its associated drug loss due to tracking and
washout. In addition, we identified several key features of an
atheroma that influences drug uptake and distribution.

Introduction

Cardiovascular interventional therapies have seen marked
improvements to their design and performance in the last
decade. However, there is still much to be desired when it
comes to our understanding of how different excipients and
lesions influence the treatment’s efficacy.

Correspondingly, in our study, we used an integrated
approach to quantify the key differences between urea, a
common hydrophilic excipient, and butyryl-trihexyl citrate
(BTHC), a common hydrophobic excipient. Additionally, we
performed a parametric study to evaluate how different
lesions influence the efficacy of treatment.

Methods

In this study, 60 percutaneous transluminal angioplasty
balloon catheters were coated with sirolimus (3ug/mm?) and
either urea or BTHC as the excipient. The tracking loss and
vessel adhesion, associated with each excipient, was
determined by navigating the samples through an in-vitro
model adapted from the ASTM standard F2394-07 [1].

Additionally, the drug release profile was determined by
inflating the balloons in citrated porcine blood, at sink
conditions, at various time points. The residual amount of
sirolimus was evaluated wusing high-pressure liquid
chromatography (HPLC).

Subsequently, to determine the drug uptake, retention and
distribution, a non-linear multi-layered diffusion advection
reaction model was solved computationally using the
FEniCS library [2]. This integrated approach is discussed in
greater detail in our recent study [3].

Results and Discussion

In this section, we summarize some of our key findings.
Despite the significantly higher tracking loss (urea: 35.5% vs

BTHC: 8.13%) observed in the urea-based balloons, the drug
uptake was almost two times greater than its hydrophobic
counterpart: BTHC (Figure 1).
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Figure 1: Sirolimus uptake over time observed with DCBs coated

with different excipients: BTHC (red) against urea (blue)

Moreover, the distribution of drugs within the different
layers of the tissue was found to vary most significantly
between hard (Figure 2) and soft plaques.
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Figure 2: Normalized sirolimus distribution within different layers
of the vessel at three distinct time points post-DCB therapy.

Conclusions

Ultimately, our results allude to a strong correlation between
hydrophobicity of the excipients and tracking loss, which
could potentially be a means of minimizing non-specific
cytotoxic effects. Additionally, the porosity of the lesions
and luminal calcification were found to be the chief
contributors to drug distribution and uptake, respectively.
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Summary

We present EMG and fascicle length data for the soleus (SOL)
muscle during an unexpected drop task with and without
passive ankle exoskeleton assistance. We find reduced SOL
EMG and increased peak fascicle lengthening with
exoskeleton assistance during unexpected perturbations. As
passive exoskeleton devices move from the lab to the clinic —
such important muscle level effects must be designed for.

Introduction

The behaviour with which lower limbs store and return energy
during steady gait has inspired the design of passive wearable
devices to assist walking [1], running [2] and hopping [3].
However, we still lack an understanding of how devices
influence movement and neuromuscular function in real
world environments (i.e. an unexpected drop, uneven terrain,
or variable walking speeds). This has limited our ability to
design and implement wearable assistive technologies in real-
life scenarios. The aim of this study is to determine the
influence of passive ankle exoskeletons on neuromuscular
control and muscle fascicle dynamics during unexpected
vertical perturbations.

Methods

Fifteen participants (9M,6F, 23+£3Y) completed an
unexpected ‘falling-in-a-hole’ experimental paradigm. A
vertical perturbation was elicited via the rapid removal of a
ground platform (15cm) at an unknown time during hopping.
B-mode ultrasound (125Hz, ArtUS, Telemed, Lithuania) was
used to determine SOL fascicle length during the hopping
perturbations with exoskeleton assistance (91 Nm rad-!) and
without assistance.

Simultaneously, surface electromyography (SEMG) (2048Hz,
Trigno EMG, Delsys Inc., USA) was used to measure muscle
activity. SEMG signals were band-pass filtered (45-300Hz)
and normalized to maximum jump trials. The RMS was
calculated via a 20ms window over each ground contact (GC)
and aerial (AER) hopping period for steady state hopping and
the perturbation. Additionally, joint kinematics and kinetics
were recorded using motion capture (100Hz, OptiTrack,
USA) and bilateral force plates (2048Hz, Bertec, USA),
respectively.

Results and Discussion
Exoskeletons Induce Altered Soleus Activation

Consistent with previous studies [3], we found that SOL
muscle activity decreased by 4.8+5.2% during the GC phase
of steady state hopping with passive ankle exoskeleton
assistance (Figure 1). During the unexpected perturbation, we
found a 5.4+14.31% and 2.4%+8.84% reduction in SOL
muscle activity during AER and GC phases, respectively.
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Figure 1: Normalized SOL RMS EMG for GC and AER phases in
both steady state hopping and the perturbation hop. Blue denotes the
no spring case; orange denotes exoskeleton assistance.

Exoskeletons Influence Soleus Fascicle Length Change

SOL fascicle length data from a subset of participants (N=4),
showed that passive ankle exoskeletons use increased SOL
fascicle lengths during both normal and perturbed hopping
(Figure 2). Specifically, during steady state hopping, peak
fascicle lengthening increased by ~8+3% with exoskeleton
assistance compared to the no assistance case. During the
perturbed hop, exoskeleton assistance increased peak SOL
fascicle lengthening by ~9+5% more in comparison to the no
assistance case.
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Figure 2: Fascicle length data (N=1) for hops before, during and
after the perturbation. The blue line denotes the no spring case; the
orange denotes exoskeleton assistance. Average ground contact and
aerial phases of the hopping cycle are marked by coloured squares.

Conclusions

In summary we find reduced SOL EMG and increased peak
fascicle lengthening with passive ankle exoskeleton
assistance during unexpected vertical perturbations. However,
further investigation is required to determine if these
alterations impact capacity to respond to larger perturbations.

References

[1] Collins S, et al. Nature 522:212, 2015.
[2] Nasiri, R, et al. I[EEE Syst Rehab Eng 26:2026, 2018.
[3] Farris D, et al. J Appl Physiol 115:579, 2013.

NS 91 Nm rad-1



Does a prosthetic toe joint affect mechanics or preference when persons with limb loss walk over uneven terrain?

Kirsty A. McDonald', Rachel H. Teater?, Karl E. Zelik?
!School of Medical Sciences, University of New South Wales, Sydney, Australia
2School of Engineering, Vanderbilt University, Nashville, USA
Email: kirsty.mcdonald@unsw.edu.au

Summary

Lower limb prosthesis users have previously indicated a
preference for a compliant prosthetic forefoot region during
uneven terrain locomotion. This feature likely attenuates the
destabilizing effect of the surface and thus, may also reduce
the mechanical work requirements of the remaining
biological lower limb joints. Here, we added a Flexible toe
joint to a passive prosthesis and found that 5 of 9 participants
preferred this Flexible toe to a Locked out joint (i.e., rigid
foot keel). Positive prosthesis work (which predominantly
occurs during Push-off) decreased with a Flexible joint, but
so did prosthetic and intact limb positive hip work. Despite
producing more positive prosthesis work, the Locked toe
configuration was associated with greater positive hip work
from both limbs, possibly required to enhance locomotor
stability in the absence of compliance at the toe or forefoot.

Introduction

The challenges of walking over uneven terrain are
exacerbated for people with lower limb loss [1]. Prosthetic
device design modifications may improve user outcomes,
e.g., prosthesis users (PUs) have been noted to prefer a more
compliant forefoot region on uneven terrain [2], potentially
because the compliance counteracts the destabilizing effects
of the surface [3]. Thus, it is conceivable that mechanical
work contributions of the remaining joints could decrease in
response to the enhanced stability offered by a compliant
forefoot on uneven terrain. Adding an articulating toe joint is
a way to facilitate compliance of the keel in response to
surface irregularities. Our group recently developed a
prosthetic foot capable of switching between a Flexible
(articulating) toe joint, and a Locked toe configuration [4].
We used this device to assess the effect of the two
configurations on subjective preference and joint/prosthesis
work when below-knee PUs walked over uneven terrain.

Methods

Active, below-knee PUs (N=9) participated. As detailed in
McDonald et al. [4], participants completed a series of
locomotor tasks using an experimental prosthesis configured
with a Flexible and a Locked toe joint. During training and
testing sessions, participants walked over a continuous series
of 10 uneven terrain platforms. Each platform consisted of
24 plywood and foam blocks of varying heights relative to
the ground (16, 46 and 58 mm).

Participant preference was recorded. For biomechanical
analyses, participants were required to traverse the walkway
at a velocity of 1 m s™'. A minimum of five strides per limb
of 3D motion capture data (Vicon) and synchronized ground
reaction forces (AMTI) were collected. T-tests were applied

with an alpha level of 0.05 to compare gait mechanics for the
Flexible vs. Locked toe joint.

Results and Discussion

Five participants preferred the Flexible configuration and
four preferred the Locked configuration for walking over
uneven terrain. Consistent with level walking, positive
prosthesis work decreased for the Flexible toe configuration
[4] (Fig. 1). However, positive hip work for both limbs also
decreased. This is surprising because the positive prosthesis
work occurs mostly during Push-off and therefore an
increase in positive ipsilateral hip power in early stance is
one method to overcome this reduction. Perhaps such a
strategy did occur but was over-shadowed by inflated
positive hip contributions in the Locked configuration that
were required to offset the surface-level disturbances
resulting from the non-compliant keel. Further research is
required to explore or confirm.

Ankle/Prosthesis
intact _ Prosthelic

Hip Knee
Intact _ Prosthelic Intact _ Prosthetic
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Locked toe joint
|
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Figure 1: Intact and prosthetic side joint/prosthesis positive and
negative work during a walking stride. (N=8 due to attrition).
Conclusions

A Flexible prosthetic toe joint may serve as a useful design
feature or option for PUs on uneven terrain. Slightly over
half the participants preferred the Flexible toe joint over a
Locked toe, and the hip work of both limbs was reduced
when walking with the Flexible toe joint.
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Summary

Microstructuring of hollow fiber membranes is a means to
increase the gas exchange surface area of oxygenators,
thereby increasing mass transport and making it more
efficient. In this work, a method for fabricating micro-
structured fibers is presented, process parameters are
discussed, and feasibility in the size range of currently
commercially available membranes is investigated.

Introduction

Modern extracorporeal membrane oxygenation (ECMO)
devices use gas-permeable cylindrical polymeric hollow fiber
membranes that act as a barrier between the blood and the gas
phase. Although approximately 2 m? of these membranes are
used to achieve the required gas transfer rates to best support
the weakened human lung in its function, the efficiency of
lung support devices is still subject to limiting factors [1]. The
cylindrical hollow fiber membrane bundles cannot accurately
replicate the small physical structures in the human lung,
resulting in an increase in mass transfer resistance [1].

Micro-notches in fish gills not only increase the respiratory
surface area but also lead to transverse flows, resulting in a
decreased mass transfer resistance [2]. Initial CFD analyses of
micro-structured membrane surfaces confirmed a significant
increase in mass transfer rate with no evidence of increased
risk of blood damage [3].

In this work the production of micro-structured hollow fiber
membranes via the non-solvent induced phase separation
(NIPS) technique is presented.

Methods

A membrane spinning system based on the NIPS fabrication
process, designed by our institutes at TU Wien, was used to
spin the hollow fiber membranes patterned on the outer
surface in combination with a sinusoidally designed spinneret
(Figure 1). The developed membrane spinning system
allowed to vary the process parameters which are crucial for
the NIPS manufacturing process. This ensured that the
morphological and geometrical structure and consequently the
gas separation properties of the membrane could be
influenced. The polymer used was a 31 wt.% polyethersulfone
(PES) + N-Methyl-2-pyrrolidone (NMP) mixture.

Scanning electron microscope (SEM) images provided a first
impression about the geometrical properties of the hollow
fiber membranes. In order to quantify the increase in
separation performance of the patterned fiber, bundles of
fibers are assembled into modules and compared with

modules prepared from cylindrical fibers with respect to their
gas permeance properties.

S e N, L
Figure 1: Sinusoidal outer shape of the spinneret (OD = 400 um +
50 pum * sin (6¢))

Results and Discussion

The SEM images of the first spun fibers (Figure 2) show a
centrically and circumferentially closed hollow fiber without
holes in the membrane wall, whose lumen as well as outer
wall are circular in shape. The double finger pore structure
typical for the NIPS manufacturing process is present.

Figure 2: SEM picture of the preliminary spun PES hollow fiber
membrane. OD and ID circularly shaped.

Conclusions

The production of polymeric hollow fiber membranes in
ranges of a few hundred micrometers is possible with our
NIPS based spinning plant. Geometry optimization and
comparison of gas permeances require further spinning tests
and parameter settings.
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Summary

Spine models are typically developed from supine imaging
data, and hence do not fully replicate postures of subjects’
clinical symptoms. A pipeline to estimate subject-specific
sagittal spinal geometry in different postures (supine, flexion
and sitting) from data (vertebral body center positions) in a
reference posture (standing) was developed and validated.
Dominant line-of-actions for two paraspinal muscles (erector
spinae and transversospinalis) were computed in those
postures. A correction factor (cosine between the MRI axial
scan plane and fiber line-of-action) was computed and applied
to the muscle parameters (CSA and moment-arm) computed
from MR imaging. Overall, this work contributes to the
growing literature of spine geometry and is a preliminary step
in clinically relevant subject-specific modeling.

Introduction

Clinical imaging for spinal deformity typically consists of a
standing x-ray of the whole spine and a supine MRI of only
the pathological spinal levels. This does offer coherent data for
the development of subject-specific, biomechanical spine
models that reflect actual clinical symptoms. Additionally,
muscle parameters measured from MRI are not perpendicular
to the scan slices and must be corrected to be appropriately
used in models. Objectives: 1) To develop and validate a
method for estimating of subject-specific sagittal spinal
geometry in different postures from vertebral body center
(VBC) data in a reference posture (standing). 2) To correct for
the cosine between the MRI axial scan plane and dominant
fiber line-of-action for muscle parameters (CSA and moment-
arms) in these postures.

Methods

Thoracic Spines of six healthy participants (age 26+6 y, BMI
24+3 kg/m?) were imaged (0.5T Open Upright MR scanner) in
four postures (supine, standing, flexion, and sitting). VBCs
from T1 to T10 were marked on sagittal MR images (Figure
1A). Muscle parameters, CSA, anterior-posterior (A-P) and
medial-lateral (M-L) were computed for two muscles—erector
spinae and transversospinalis on axial MR images (Figure.
1B). Sagittal spinal curvature was approximated using a
circular spline parameterized with the segment angles
(kyphosis or lordosis Cobb angle) and segment lengths (Figure
1C). The subject-spine geometry in any other posture was
estimated by modification of these parameters and
normalization with the reference posture. The estimated spine
geometry was validated against the corresponding thoracic
MRI data by rigid registration (Figure. 1D). The dominant
muscle fiber line-of-action of erector spinae and
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transversospinalis was computed for each posture. A
correction factor based on published literature was then
computed and applied to the muscle parameters [1].
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Figure 1: A) Sagittal MR image. B) CSA, A-P and M-L distances of
erector spinae (ES) and transversospinalis (TS) on Axial MR image.
C) Geometric construct of sagittal spinal curvature (standing). D)
Estimated spine geometry (flexion) rigidly registered to ground truth
data (MRI in flexion) showing registration error.

Results and Discussion

The maximum registration error between the estimated spine
geometry and MRI data was small (average RMSE~1.2%).
The correction factor reduced muscle parameters (~5% for
erector spinae and ~25% for transversospinalis) when
compared to raw, uncorrected MRI data. Compared to all
existing methods for quantitative evaluation of sagittal spinal
geometry [2], our method is simple, reliable, computationally
inexpensive and easily digitizable for clinical images. Another
novelty of this work is reporting trunk muscle properties for
postures other than supine. Overall, our data contributes to the
growing literature of trunk geometry evaluation and is
preliminary step in clinically relevant subject-specific
modelling.
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Summary

Muscle strength condition after knee arthroplasty (KA) is
crucial for returning to an active lifestyle. We showed that 5-
14 months after surgery the hamstrings to quadriceps (HQ)
ratio was significantly different between patients with total
knee arthroplasty (TKA) and unicompartmental knee
arthroplasty (UKA). When creating rehabilitation or training
plans, therapists and patients should consider that muscle
adaptations after KA differ between prosthetic designs.

Introduction

The number of KA, especially the UKA, increased
significantly in the last 5 years in Germany [1], because of
better function and higher patient satisfaction [2]. The
muscular status of the knee surrounding muscles is one of
the main factors for joint control after knee arthroplasty. It
influences knee joint motion and loading. Different
prosthetic designs aim to address the different anatomical
and mechanical conditions of the arthritic joint. For instance,
UKA only replaces one compartment of the knee and
cruciate ligaments are preserved, while TKA replaces all
articular surfaces at the knee [3]. The current data of
recommendation after KA is mainly based on experts’
expertise. Since return to sport with knee arthroplasty
becomes increasingly important, we need a deeper
understanding and scientific data of functional and
biomechanical parameters of patients with UKA or TKA.
The first specific aim of the study was therefore, to
investigate if the muscle strength of the knee flexors and
extensors 5-14 month after surgery is different in patients
with UKA and TKA.

Methods

TKA and UKA patients conducted tests of concentric and
eccentric isokinetic muscle strength (Isomed2000, D. & R.
Ferstt GmbH, Hemau, Germany) of the knee flexors and
extensors at two angular velocities (50°/sec, 120°/sec) 5-14
months after surgery. Additionally, participants reported
their perceived pain (Visual analog scale) during the
measurements and their functional impairments in the daily
life using the WOMAC questionnaire.

Results and Discussion

Relative maximal muscle strength (maximal torque per body
weight, MAXr) was similar in TKA (n=19) and UKA
(n=12) for both muscle groups under all testing conditions.

OA3

However, HQ ratio in the operated limb was lower in UKA
in concentric (TKA 86,81 + 21,84; UKA 66,28 + 16,13, p <
0,01) and eccentric (TKA 79,98 + 22, 78; UKA 60,33 +
21,47; p < 0,05) condition at 50°/sec, indicating a more
pronounced quadriceps weakness in relation to the
hamstrings muscles in TKA.

Eccentric quadriceps MAX. correlated with time post-op,
showing higher torque values with more time after surgery.
This was only quantifiable in TKA, but not in UKA.
Similarly, multiple parameters of muscle strength
(concentric hamstrings MAX,.i at 50 & 120°/sec, concentric
quadriceps MAX, at 50°/sec, eccentric hamstrings MAX |
at 50°/sec) correlated with the total WOMAC score or
subscales only in TKA. Here, strength was lower with higher
scores, representing worse pain, stiffness, and functional
limitations (p < 0,05).

Conclusions

Although, patients with UKA and TKA have similar
maximal strength (Nm/kg) in quadriceps and hamstrings
muscles 5-14 months after KA, UKA patients show a more
physiological muscular balance (closer to standard values)
between agonist and antagonist. This may relate to a less
invasive surgical approach, a better biomechanical
performance of the prosthesis and a smaller preoperative
damage in UKA. It indicates that factors like quadriceps
weakness and proprioceptive impairment may be more
present in TKA. This, in turn, can cause negative effects on
gait patterns.

In an ongoing study, we are evaluating the effects of a
specific training intervention on the deficits in muscle
strength observed here in TKA and UKA patients.
Furthermore, we are conducting kinematic analysis, to
examine to what extend these muscular changes affect knee
joint angles during different walking tasks in field.
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Summary

In recent years, repair of the anterior cruciate ligament (ACL)
with InternalBrace™ has been increasingly used to treat
patients after ACL rupture. We provide first evidence of only
little side-to-side differences in knee biomechanics during
walking in patients 2 years after surgery and brief differences
at the beginning of stance in ground reaction force and in tibia
translation but not in knee kinetics in the operated leg
compared to age-matched knee healthy controls.

Introduction

While clinical outcome and patient satisfaction after repair of
the anterior cruciate ligament with augmentation have been
investigated and compared to patients after ACL
reconstruction, information or comparative studies on knee
function recovery in dynamic tasks are scarce [1,2]. We
compared knee ambulatory biomechanics of patients 2 years
after unilateral primary proximal ACL repair with
InternalBrace™ (Arthrex, USA) with knee healthy subjects.

Methods

In 16 adult patients (6m/10f; 35.9+10.7 years; BMI 24.4+4.0
kg/m?; 2542 months postoperatively) and 16 healthy control
subjects (6m/10f; 36.0+11.1 years; BMI 22.6+3.9 kg/m?)
bilateral 3D knee kinematics and kinetics during walking
(stance phase) were measured with the Point Cluster
Technique [3]. Differences in patients’ operated leg compared
with their healthy contralateral leg and with controls (non-
dominant leg) were analyzed using statistical parametric
mapping (t-tests, P<.05).

Results and Discussion

Patients had lower lateral ground reaction force (GRF) in the
operated than the contralateral leg between 5-7% of stance
phase (SP) (P=.037; max. difference: - 1.0% body weight
(BW)). Compared to controls, the patients’ knees had
significantly more valgus (P=.021, max. difference: 3.8°)
between 11-32%SP and a more posterior tibia position at the
beginning of stance (0-8%SP; P=.038; max. difference:
2.7mm; Figure 1). At heel strike, patients exhibited lower
anterior (P=.049; difference: - 1.4%BW) and vertical
(P=.048; difference: - 4.3%BW; Figure 1) GRF followed by
shortly lower lateral (0-3%SP; P=.031, max. difference:
-1.5%BW) and greater anterior (2-3%SP; P=.044, max.
difference: 2.4%BW) GRF than controls.
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Figure 1: Mean values (solid line) and standard deviations (shaded
color) of the operated leg in patients (red) and the non-dominant leg
in controls (blue). The grey shaded area indicates significant
differences.

Conclusions

Overall, interlimb comparison in patients’ knee kinematics
and kinetics demonstrated neither a systematic asymmetry nor
a stiffer gait strategy and — in contrast to results after ACL
reconstruction [4,5] — no offset in knee rotation. Differences
in GRF and less anterior tibia position after heel strike
compared to controls indicate a compensatory mechanism
possibly to lower the load on the repaired ACL.

The patients’ compensation strategy might be successful in
achieving normal knee biomechanics during weight bearing.
These promising results should be further explored by
investigating the ankle and hip joints, (pre-) activation of
relevant leg muscles, and the role of proprioception and
muscle strength in more demanding activities and in
comparison to patients after ACL reconstruction.
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Summary

Since trunk control seems to be an important contributor
in the recovery process after total knee arthroplasty
(TKA), increasing our understanding on trunk motion
could aid in setting accurate rehabilitation goals and
treatment strategies to enhance mobility outcomes. A
literature review was performed, including 21 studies of
which 11 examined trunk movements during walking.
Pre-operative trunk kinematics were characterized by
increased movement amplitudes in all three planes.
Although amplitudes decreased post-TKA, they still
differed from healthy controls. Recovery was time-,
speed- and technique-dependent as mediolateral
amplitude  reductions  proceeded anteroposterior
improvements and better outcomes were observed when
assessing at comfortable walking speed and when using
minimal invasive techniques.

Introduction

Excessive trunk flexion has been related to a greater fall
risk, while increased later trunk motion result in higher
energy expenditures during walking in older adults.[1,2]
Furthermore, it has been shown that enhanced trunk
control improves mobility, balance and quality of life
early after TKA. [3,4] As a result trunk control seems to
be an important contributor to recovery after TKA.
However, little is known about trunk motion in adults
receiving TKA. By reviewing the available literature, we
can increase our understanding on trunk deviations
related to TKA, how they are altered due to surgery and
which surgical technique is superior in the recovery
process. This can aid in setting accurate rechabilitation
goals and treatment strategies for improving mobility
outcomes after TKA.

Methods

Five scientific databases were searched until October
2020 (Pubmed, WOS, Cochrane Central, Sportsdiscus,
and Science Direct). Eligibility criteria consisted of
outcomes assessing trunk motion in a population of
adults undergoing TKA. Two reviewers independently
screened studies and risk of bias was assessed by the
Mixed Methods Appraisal Tool (MMAT).

Results and Discussion
Of the 341 studies retrieved from all databases, 21
studies were included (3 RCT and 18 cohorts). The
cohort studies compared pre-post treatments (n=8
studies), case-control (n=11) and case-case (n=4). Mean
MMAT score was 73%, which corresponds to an overall
low score of risk of bias for the majority of studies.

In total 667 patients received TKA after OA and

OA3

were compared to 197 controls. The mean age of the
participants in the TKA group was 70 years (range 58-
76) and 69 years (range 55-76) in the control group. Time
post-surgery varied from 68 days to 8 years. Eleven
studies assessed trunk motion during walking or the
relationship between trunk control and mobility. It was
concluded that pre-operative trunk kinematics were
characterized by increased three-dimensional movement
amplitudes. After TKA, regardless of the technique,
decreased movement amplitudes were observed but not
all returned to normal, as compared to healthy adults.
Minimal invasive TKA surgery lead to faster recovery by
resulting in greater decreases in trunk movement
amplitudes during walking within the first 3 months post-
surgery, and afterwards these differences disappear when
comparing to conventional methods. Recovery of trunk
variability, on the other hand, seems to be both speed-
and time-dependent in the frontal and transversal plane
resulting in better outcomes when assessing at a normal
comfortable walking speed (1.2 m/s) and leading to
decreased variability with increasing time post-surgery,
especially for TKA using computer-assisted navigation.

Conclusion

Excessive trunk motion amplitudes, as seen pre-
operatively, decreased after TKA. Truncal recovery
seemed to be time-, speed- and technique-dependent.
Suggesting that post-surgery rehabilitation might
influence sagittal kinematics more than the surgery itself,
assessment should be executed at comfortable walking
speed and minimal invasive techniques result in faster
recovery. However, differences with healthy adults did
remain after TKA which could indicate that current
rehabilitation approaches are not yet optimal to return the
walking pattern to normal standards. Incorporating a full
biomechanical chain approach, including trunk exercises,
could lead to better results after TKA as seen in other
knee pathologies.[5] Future research should focus on the
relationship between trunk control and post-surgery
outcomes after knee arthroplasty.
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Summary

Bone defects can lead to substantially impaired
musculoskeletal biomechanics. A common reason for bone
defects of the greater trochanter are intraoperative
periprosthetic femoral fractures (PFF), which are a severe
complication during total hip arthroplasty (THA) using
uncemented hip stems. The intraoperative PFF of the greater
trochanter (Vancouver classification Ag) is often treated with
cerclage wire fixation or suturing and can result in a
trochanteric bone defect. In our biomechanical study we
analyzed, whether this bone defect affects the overall
postoperative fracture risk of the femur equipped with an
uncemented straight hip stem. We experimentally tested
three cadaveric femurs without trochanteric defect and one
fractured femur with a completely missing greater trochanter
in a standing load case. Additionally, we conducted a
corresponding Finite Element Analysis (FEA) of the three
femurs with and without bone defect. Our preliminary results
show that a defect of the greater trochanter did not
significantly affect the postoperative fracture risk during
standing or stumbling. Further research with a higher sample
size is required.

Introduction

The intraoperative PFF of the greater trochanter (Ag) makes
up for around 25 % of all intraoperative PFF during primary
THA and is often treated only with cerclage wires or sutures
and in around 16 % of the cases no treatment was given [1].
Therefore, Ag fractures resemble a common bone defect.
Since intraoperative PFF are difficult to reproduce
experimentally and an Ag fracture occurred during our
cadaveric trials, we used this femur to analyze the influence
on the postoperative fracture risk after total hip arthroplasty.

Methods

Experimental testing was conducted on three cadaveric
human left unfractured femurs and one right fractured femur
with trochanteric bone defect, each implanted with an
uncemented straight hip stem. The femurs were distally
embedded and axially loaded on the implant ball head to
reproduce a standing or stumbling load scenario. The
fracture load, load-displacement curves and stiffness at | mm
axial displacement were compared. A FEA reproducing the
experimental load scenario was conducted to compare the
three left femurs without defect and with an artificially added
Ag fracture as defect. The approaches described by Kluess et
al. [2] and Miles et al. [3] were used as basis for model
generation and physical modeling, respectively.
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Results and Discussion

Experimentally and computationally, no significant
differences between femurs with and without trochanteric
defect could be shown. Nevertheless, the experimentally
measured stiffness of the femur with defect was the lowest of
the specimens, which, however, did not result in the lowest
fracture load. Computationally, each femur showed a
decrease in fracture load and stiffness with a trochanteric
defect, although these were not significantly lower.

Figure 1: (A) Virtual positioning of the straight hip stem and added
artificial Ag fracture as defect, (B) FE model of an unfractured
femur, (C) experimental setup of the one femur with defect and
added marker points for displacement measurement and strain
gauges at representative locations.

Conclusions

From a biomechanical perspective it seems that a defect of
the greater trochanter does not significantly affect the
overall postoperative femoral fracture risk in a stumbling or
standing load scenario, but further research with a higher
sample size is necessary for confirmation.
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Summary

Accurate measurement of joint kinematics can help
understand the pathomechanics of joint injuries. Recent
development of bi-planar fluoroscopic imaging allows direct
measurement of skeletal images but obtaining quantitative
joint movements are laborious because of difficulties in the
image processing and bone-to-image registration. We
developed a method to find pose and shape of skeletons in
the foot without patient’s own bone geometry by using a
statistical shape and intensity model (SSIM) and a digitally
reconstructed radiograph specific to the SSIM. The
accuracies in predicting three-dimensional pose were
evaluated for the tibia, talus and calcaneus.

Introduction

Bi-planar fluoroscopic (BPF) image analysis is one of the
methods to measure the position and posture of a joint
accurately. It is utilized to study joint kinematics in vivo
without human invasion. The accurate 2D-to-3D registration
was able to find the 6 degree-of-freedom (DOF) parameter
with error of less than 1mm and 1° for the long bones such as
tibia or femur [1]. However, registration of the bones
consisting ankle complex is still challenging compared to the
long bones due to overlapping between neighboring bones
and the bones appearing smaller on the images. It is also a
common way to prepare a bone model before the 2D-to-3D
registration, and to find the bone models, obtaining
computed tomography (CT) should be preceded. The
objective of this study was to develop a CT-less 6-DOF bone
pose estimation method through the 2D-to-3D registration. A
statistical model is used to find the shape without this
process. A DRR is required to directly compare with BPF
images without post-processing, such as feature extraction,
and the SSIM is used.

Methods

The experiment was approved by the institutional review
board and conducted by recruiting 18 healthy subjects with
no abnormalities in walking. Bi-planar X-ray fluoroscopic
images of the ankle were obtained. The positions of the two
pairs of X-ray sources and image planes were obtained using
a calibration phantom. Fluoroscopic images were taken at 60
fps and for about 2 seconds for each subject. The resolution
of the images was 1024x1024. The ankle CT images were
obtained and bone geometries were extracted to create a
bone shape and intensity database to create a statistical
model. The bone models were aligned, and the layers inside
the volume were generated. The SPHARM-PDM [2]
algorithm was used to find the corresponding points on the
bone layers. The mean model and principal component (PC)s
were calculated using the principal component analysis. The
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optimization proceeds by matching 6-DOF pose parameters
and 10 PCs of shape parameters for each frame. The results
of optimizations were compared with manually processed
results.

BPT Inages

DRR generation

1R see

Statistical shape
and mbensity model

2D-to-3D registration
Figure 1: Registration process using SSIM and BPF images

Results and Discussion

The mean translation errors along the x-, y-, and z-axes were
1.35, 1.64, and 1.04 (mm), respectively. The mean rotational
errors along the x-, y-, and z-axes were 3.31, 2.08, and 2.28
(*), respectively (Figure 1). The median Hausdorff distance
of the registered model is 2.23 mm. The quality of
registration is similar to the study using CT images to use the
bone models [3], even the ground truth bone shape was
estimated simultaneously.

LaabHeBl | O

Figure 2: Translational and rotational registration error

Conclusions

The registration method using SSIM of bones that make up
the ankle complex was developed, which shows an error of 1
-2 millimeters. We suggest that the procedures would be
utilized for clinical applications and conducting studies
comparing patients with foot disorders.
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Summary

In this preliminary study, we aim to use micro-CT analysis
to determine the internal microstructural deformation of
three tibial plateaus under physiological loading applied
through their matching femur. Three cadaveric knees were
scanned at 46 um isotropic pixel size under a representative
physiological load representing peak loading during stance,
reconstructed, and co-registered, with the aim to determine
the deformation of the articular surfaces while under load.
From these images, the internal deformations can be
elucidated using digital volume correlation and used to
validate computational models.

Introduction

Micro-CT images of unloaded and loaded bones of entire
articular surfaces, rather than excised biopsies, allows for
investigation of the internal mechanics of bone and
characterization of the responses of bone to external load [1,
2]. The aim of this study was to visualize bone the proximal
tibia bone microstructure while under an inferior-superior
load, using micro-CT imaging.

Methods

Cadaveric knee specimens (N=3) were obtained. All soft
tissues except for the articular cartilage and meniscus were
removed. The patella was also removed. The bones were
potted and mounted within the loading stage wrapped in
saline soaked paper. A custom-made loading stage
developed earlier [3] was modified, to adjust the loading
direction. The loading rig containing the specimen was
positioned within a large-volume micro-CT scanner (Nikon
XT H 225, Nikon Metrology, UK). Scans were performed in
unloaded and then in loaded conditions, with the proximal
tibia and the distal femur contained in the field of view (86 x
86 mm, width x height). Axial loads equivalent to three
bodyweights were applied to each specimen, based on the
donor’s mass at time of death. Load was measured using a
six degree-of-freedom load cell. Scans were acquired at
46um isotropic pixel size at a 0.18° rotation step over 360°.
The time to take a single scan was 66 minutes. Cross-section
images were reconstructed using CTPro3D software (Nikon
Metrology) and saved as grey level images. The loaded
dataset was then co-registered DataViewer software (Bruker)
to theunloaded and examined.

Results and Discussion

Three bodyweights of load was applied by displacing the
femur vertically (1096-1563 N), with the angle of the femur
altered to obtain a 60:40 medial:lateral loading ratio. Micro-
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CT images (Figure 1) show the proximal tibial plateau in
both preload and three bodyweight (3BW) loading
conditions, with the joint space narrowing as the femur
moves in the inferior direction. From this, the deformation of
the articular surface will be evaluated.

SBW:.

Figure 1: Micro-CT scan reconstructions (coronal) of one human
tibial plateau under preload and 3BW load conditions. The
highlighted regions (red) of the joint are below.

Conclusions

In this preliminary work, unloaded and loaded micro-CT
scans of three human tibial plateaus were obtained. These
data can be used to determine microstructural displacement
due to joint loading within the tibial plateau. Future work
will conduct digital volume correlation analysis to determine
the internal deformations and strains. This will be used to
inform computational models of bone mechanics.
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Summary

Achilles tendons are mechanoresponsive and actively adapt
to their mechanical environment. Yet little is known about
tendon microstructural response to loading. Here we use
synchrotron phase contrast micro-tomography (SR-PhC-
puCT) to visualize the microstructure and to determine the
effect of in vivo mechanical (un)loading on rat Achilles
tendons.

Introduction

Many studies consider the Achilles tendon as one
homogenous tissue structure. Thus, less is known about
tendons at the meso/microscale. Mechanical loading is
believed to increase fiber orientation and packing density
[1]. However, further investigation of the mechanobiological
effects on the microstructure and mechanical properties is
essential. Synchrotron X-ray tomography is a non-
destructive method for 3D sub-micrometer visualization and
quantitative analysis. In conventional X-ray tomography the
contrast is given by the ability of the materials to absorb X-
rays and imaging of soft biological materials is very
challenging. Phase-contrast imaging was developed to image
materials that weakly absorb X-rays, thus providing detailed
visualization of soft tissues [2]. Our aim is to use SR-PhC-
uCT to investigate rat Achilles tendons to elucidate how
different regimes of in vivo loading affect the microstructural
properties.

Methods

Animal model: 14 Sprague-Dawley rats were divided into 2
groups: normal cage activity and unloading by Botox
injections plus cast immobilization, following Hammerman
et al. [3]. The tendons were harvested and kept frozen in
saline solution until imaging. Imaging was carried out at the
X02DA TOMCAT beamline at the Swiss Light Source, Paul
Scherrer Institute, using the High Numerical Aperture
Microscope (magnification: 4x, FOV: 4.2mm x 3.5mm and
pixel size: 1.63um).

To determine the effect of in vivo loading on the
microstructure, the 3D orientation distribution of the fibers
was determined and compared. A structure tensor analysis
was conducted adapting a MATLAB script by Krause et al.
[4]. The analysis permits to directly visualize fibers
orientations by computing azimuth and elevation angles and
to statistically describe how the orientations are distributed.

Results and Discussion

SR-PhC-pCT imaging of fresh frozen Achilles tendons
provides a comprehensive anatomical understanding of the
complex internal fiber structure without invasive sample
preparations (Fig. 1A). The 3D fiber orientation can be
detected (Fig. 1B). The results indicate that angle
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distributions depend on the in vivo loading regime and fibers
are more organized along the main axis in the case of the
loaded tendon and more crimped for the unloaded tendons
(Fig. 1C and narrower Full Width at Half Maximum for both
angles in Fig. 1D).
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Figure 1: A) SR-PhC-uCT of an Achilles tendon, i) the entire
tendon, ii) magnification showing the collagen fibers. B) Colormap
showing fiber orientations for in vivo loaded (i) and unloaded (ii)
tendon orientations. C) Magnification of the areas indicated in B),
showing straight fibers in the loaded tendon and crimped fibers in
the unloaded tendon. D) Azimuth (®) and elevation (0) angle
distributions are narrower for the loaded tendon (blue curve) than
the unloaded (red curve).

Conclusions

SR-PhC-uCT imaging of Achilles tendons provides a
comprehensive understanding of the 3D microstructure. The
microstructure is affected by altered in vivo loading. Fibers
are more crimped and less organized when mechanical
stimulation is lacking.
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Summary

The medial and lateral gastrocnemius exhibit extraordinary
growth in the first two years of life. Using 3D ultrasound we
have tracked the growth of the infant gastrocnemius from 3 to
24 months of age. A principal component analysis has
revealed that the medial gastrocnemius starts to increase in
volume, relative to the lateral side, about the time when
infants show autonomous walking skills. This is consistent
with changes in spatiotemporal parameters, joint kinematics
and kinetics which start to approach adult characteristics by
age 2 years. When age related muscle volume increases were
removed from the analysis, principal component analysis
revealed that muscle belly width was the primary shape
change, with the medial side showing increased muscle belly
width relative to the lateral side. Understanding typical infant
muscle growth has implications for better identification of
muscle pathology, including in cerebral palsy.

Introduction

Infants experience rapid muscle changes during the first two
years of life. During this time important biomechanical
changes are observed. For instance, step width decreases,
while step length and walking speed increases [1,2].
Kinematics and kinetics converge towards more adult like
characteristics. Two of the most notable lower limb muscles
for adequate gait function are the lateral gastrocnemius (LG)
and medial gastrocnemius (MG) [3]. Little is known about
form function relationships in infants less than 2 years of age.
This is paramount because by 2 years of age mature features
of gait and muscle function have already formed. In this study
we evaluate infant muscle growth in the first 2 years.
Understanding typical form function developments have
important implications for clinical recommendations in
pathologic gait.

Methods

Four OptiTrack cameras were integrated with a custom 3D
ultrasound setup. Fourty-four infants (3 to 24 months) were
scanned using a single-sweep method for the MG and LG.
Muscles were segmented from the femoral condyle to the
distal ~ musculotendinous  junction [4] in  the
Stradwin/Stradview  software suite. We used the
musculoskeletal analysis software GIAS2 (Geometry Image-
Analysis Statistics) to perform principal component analysis.
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Results and Discussion

The gastrocnemius size increases across age and the LG and
MG differentiate and become less symmetric (Figure A).
Specifically, the LG appears more elongated and thinner while
the MG shows a wider muscle belly with more volume. A
secondary assessment (Figure B) involving a Procrustes
analysis where muscle size is normalized revealed the primary
shape change was in the muscle belly with the MG being
wider than the LG as we get older. This is consistent with what
we observe in children, and adolescents through to adulthood
[5], where the MG is larger. Interestingly, we measured an
increasing inversion ankle torque across the first year of
walking and the MG muscle contributes to foot inversion [6].

Older Younger

+2 SD Mean -2SD

A~

Muscle Size

Considered o .
MG LG MG LG MG

Procrustes: Muscle ( ’. . 0 6

Size Removed
Figure: Muscle shape changes across age (A) and with muscle
volume removed (B). Mean and + 2SD are shown with RED increase
and BLUE decrease and GREEN the mean.

Conclusions

The medial gastrocnemius increases in size relative to the
lateral gastrocnemius from the time independent walking
occurs. This is in part explained by the developing inversion
torque during the first year of walking.
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Summary

Muscle morphological parameters, such as fascicle length
(FL) can significantly influence the muscle function. In this
study, FL in medial gastrocnemius (MG) of two healthy adults
was quantified using 3D freehand ultrasound (3DfUS) and
Diffusion Tensor Imaging (DTI), respectively. The
preliminary data analysis showed that 3DfUS over-estimated
the FL in MG compared to DTI-based measurement. Further
investigation is necessary to yield a more precise comparison.

Introduction

2D ultrasound (US) and magnetic resonance imaging (MRI)
are often used to quantify in vivo FL. However, 2D US only
provides 2D images with limited field of view. DTI measures
the diffusion of water molecules in the tissue and can be
applied to reconstruct 3D muscle fascicles, serving as a
reference standard of in vivo FL quantification. But DTI-based
measurement has poor portability and limited accessibility.
3DfUS combines 2D US and a 3D motion capture system,
which has been shown to have good accuracy in measuring
muscle length and volume [1]. The purpose of this study was
to compare the quantitative measurement of FL in lower limb
muscles using 3DfUS and DTI, respectively.

Methods

Two healthy male subjects (age: 58.5 + 3.5 yrs, weight: 77.0
+ 0.1 kg, height: 183.0 £ 5.7 cm) voluntarily participated in
the study approved by the local ethics committee. B-mode US
images of lower limbs were recorded using a 38-mm wide
linear transducer (Mindray M9). A probe holder with four
reflective markers is fixed rigidly to the transducer. A 10-
camera optical motion capture system (Vicon Motion
Systems) was used to simultaneously track the position and
orientation of the transducer during the US image acquisition.
The 3D reconstruction of 2D US images was performed based
on a previously published pipeline [2]. Bilateral legs of the
two subjects were previously scanned using a 3.0 Tesla MRI
scanner (Siemens Trio). During both data acquisition
sessions, subjects were lying in a supination position with
identical joint alignment. T1-weighted MR and DT images
were acquired. The FL was determined using DTI-based [3]
and 3DfUS-based [2] method, respectively. Mean FL of the
whole muscle volume was calculated. Furthermore, the

muscle was evenly divided into proximal, middle and distal
parts to quantify variance in the FL in 3DfUS-based
measurement (Figure 1).

Figure 1: (a-b) 3DfUS based reconstruction of MG (c¢) 3D
reconstruction of fascicles based on DTI measurement

Results and Discussion

Only FL in medial gastrocnemius (MG) were reported here.
The FL was found the longest in the proximal part of the MG
and shortest in the distal part (Table 1). Compared to the DTI-
based method, the FL was longer using 3DfUS-based
measurement. The observed differences may be due to the
probe compression and manually defined plane for FL
calculation in the 3DfUS-based measurement.

Conclusions

Based on this preliminary study, 3DfUS measurement
overestimated FL in MG compared to the DTI measurement.
Further investigation is needed to improve our measurement
protocol in the 3DfUS in order to perform a precise
comparison.
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Table 1: Fascicle length measured using 3DfUS- and DTI-based methods (mean + S.D.)
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Summary

Chronic obstructive pulmonary disease (COPD) is linked with
increased falls risk, but the mechanisms of this are not
understood. Using treadmill-based perturbations during
walking, we found that COPD does not appear to result in
significant deficits in stability following sudden perturbations
and patients do demonstrate some adaptability to repeated
perturbations. The approach was also found to be feasible,
meaning that perturbation-based balance training could be
further explored in COPD.

Introduction

Falls risk is elevated in chronic obstructive pulmonary disease
(COPD) but little is known about the contributing factors. We
examined the feasibility of, and initial responses to, large
walking perturbations in COPD, as well as the adaptation
potential to repeated walking perturbations that might indicate
potential for perturbation-based balance training in COPD.

Methods

12 participants with COPD undergoing inpatient pulmonary
rehabilitation and 12 age-gender-matched healthy control
participants walked on an instrumented treadmill at a stability-
normalised walking speed [1] and experienced repeated
treadmill-belt acceleration perturbations (first perturbation to
the right leg, then up to eight times to the left leg as conducted
in [2]). Three-dimensional motion capture was used to
quantify the margin of stability [3] during perturbed walking.
Feasibility, stability following the initial perturbations and
adaptation to repeated perturbations were assessed.

Results and Discussion

Perturbations in this manner were feasible in COPD (no
harness assists and 11 of 12 participants completed the
minimum number of perturbations (5), with an average of 8).
No significant deficit in reactive walking stability in COPD
was found versus controls (Figure 1A). There were mixed
results for the adaptability outcomes (no significant
perturbation number effect but a significant interaction) which
overall indicated some adaptability to repeated perturbations
(Figure 1B), but not to the same extent as the healthy controls.
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Figure 1: Medians and 95% confidence intervals of the AP MoS
during unperturbed walking prior to each perturbation (Base), the
final step prior to each perturbation (Pre) and the first eight
recovery steps following the perturbations (Post1—-8) for A, the first
perturbation to the right leg in COPD and matched control
participants, and B, during the first and final (for each individual)
perturbation to the left leg within the COPD participants. *: Sidak’s
multiple comparisons test: P=0.046.

Conclusions

Treadmill-based perturbations during walking are feasible in
COPD. COPD does not appear to result in significant deficits
in stability following sudden perturbations and patients do
demonstrate some adaptability to repeated perturbations.
Perturbation-based balance training may be considered for fall
prevention in research and practice in people with COPD.
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Summary

Understanding spatiotemporal gait strategies could help
develop individualized transfemoral prostheses and provide
better rehabilitation regimes. This study aimed to classify the
spatiotemporal gait patterns across a range of walking speeds
in unilateral transfemoral amputees (UTFAs). Hierarchical
cluster analysis (HCA) was conducted on the step lengths and
cadences at eight different speeds in 24 UTFAs. This HCA
revealed three clusters based on a higher cadence, a longer
step length, and a hybrid pattern. Current results suggest that
there is more than one gait strategy in UTFAs.

Introduction

Walking is one of the most fundamental activities of daily life.
In healthy subjects, spatiotemporal gait parameters, such as
cadence and step length, have been shown to be automatically
controlled by common mechanisms during steady gait [1]. In
contrast, a previous study reported that below-knee prosthesis
users have shown a greater variability of the parameters than
healthy subjects across a range of walking speeds [2],
indicating that prosthesis users are likely to have several
different gait patterns. The aim of this study was to classify
gait patterns using step length and cadence across a range of
walking speeds in unilateral transfemoral amputees (UTFAs).
We hypothesized that there would be two clusters of gait
patterns based on a longer step length or a higher cadence.

Methods
Twenty-five UTFAs (18 M, 7 F; age 30.3 + 9.0 years; mass

65.3 +14.3 kg; height 1.66 £ 0.75 m) participated in this study.

Spatial and temporal footfall data were collected while each
subject walked on a split-belt instrumented treadmill (FTMH-
1244WA, Tec Gihan, Kyoto, Japan) at eight different speeds
(2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, and 5.5 km/h). The collected
footfall data were processed to derive the cadence (step/s) and
step length (m). The Mahalanobis distance criterion [3] was
used to eliminate any outliers. Hierarchical cluster analysis
(HCA) was then conducted to identify subgroups with
homogeneous gait patterns, based on the relationships
between cadence and step length in both the prosthetic limb
and intact limb of each subject. Squared Euclidean distance
was chosen as the metric for this analysis, and Ward's linkage
method was adopted. After forming the clusters, a univariate
analysis of variance (ANOVA) or a Kruskal-Wallis test was
performed on cadence and step length. When a significant
main effect was observed, post-hoc comparisons (7-test or
Mann—Whitney U test) were performed on the variables
between the clusters. Statistical significance was set to p <
0.05.

Results and Discussion

After an outlier was eliminated (Mahalanobis distance
criterion > 4.0), a final sample of 24 participants was left for
further analysis. HCA identified three clusters based on step
lengths and cadences (Figure 1). Cluster 3 (n = 9) had a
significantly longer step length than Cluster 2 in their intact
limb over a wide range of walking speed and longer step
length in their prosthetic limb at 2.5 and 3.5 km/h. Cluster 2
(n = 7) had a significantly higher cadence than Cluster 3 in
their intact limb over a wide range of walking speeds, and in
their prosthetic limb at 2.5 and 3.5 km/h. The step lengths and
cadences in Cluster 1 (n = 8) exhibited nearly intermediate
values between Cluster 2 and 3. These results indicate that the
spatiotemporal gait parameters of UTFAs have different
modes [4], suggesting the existence of different gait control
mechanisms that adjust at least either their cadences or step
lengths.
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Figure 1: Dendrogram of hierarchical cluster analysis (HCA).
Linkage distance is shown on the y-axis and UTFAs are shown on
the x-axis. Three clusters were identified.
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Conclusions

We showed that gait characteristics of UTFAs can be
classified into three clusters based on their spatiotemporal
parameters (cadence and step length) across a range of
walking speeds, suggesting the existence of different gait
control mechanisms in UTFAs. These results would help to
develop individualized transfemoral prostheses, and to
provide better rehabilitation regimes.
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Summary

We collected simultaneous measurements of Achilles tendon,
patellar tendon, and knee contact loading during walking in a
patient with an instrumented total knee replacement. Tendon
load was tracked using non-invasive shear wave tensiometers.
This novel dataset will enable objective evaluations of
predictions of internal tissue loading using either
musculoskeletal modeling or machine learning approaches.

Introduction

The ability to characterize internal joint loads during walking
from external measurements is hindered by muscle
redundancy. Tensiometers are a novel wearable technology to
assess in vivo loading by measuring shear wave propagation
along superficial tendons [1]. Tensiometer data could
potentially be used to resolve muscle redundancy when
estimating internal tissue loads. This study aimed to collect
coupled tensiometer and knee joint load data to assess the
utility of tensiometer data to assess joint contact loads.

Methods

We performed simultaneous tensiometer, motion capture,
ground reaction force, electromyography, and knee contact
force measurements on a subject (K5R, Male, 93kg, 1.7m, 72
years) with an instrumented knee replacement [2] during
overground level walking at the CAMS-Knee OpenSim 2020
Workshop (https://cams-knee.orthoload.com/). EMG was
collected on the rectus femoris, tibialis anterior and medial
and lateral hamstrings, quadriceps, and gastrocnemii. The
inverse kinematics and dynamics tools in OpenSim were used
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to calculate joint angles and moments. The measured and
calculated metrics were analyzed against the gait cycle.

Results and Discussion

There was strong correspondence between the phasing of
tendon wave speeds and knee contact forces. Specifically, the
peak in the patellar tendon wave speed coincided with the first
peak in the knee contact force, while the peak in Achilles
tendon wave speed coincided with the second peak in knee
contact force.

Conclusions

These unique measurements provide additional insight into
the contributions of the patellar tendon and Achilles tendon
loading patterns to in vivo knee contact forces during walking.
These results suggest that with advanced analysis techniques,
tensiometers show potential to be applied as a wearable
technology to indirectly assess knee contact forces.
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Summary

Muscle atrophy information in transfemoral amputation is one
essential factor to design better prosthesis and rehabilitation
process. The previous study has explained the atrophy
distribution, but the mechanism behind atrophy formation is
yet to be known due to the difficulties in accessing deep
muscles. The current study proposes the answer through
musculoskeletal simulation using kinematic and kinetic gait
dataset to calculate and compare the maximum muscle forces
between amputated and intact limb. The result showed that the
reduction in muscles’ moment arms after surgery might cause
lower muscle forces resulting in atrophy. On the contrary,
muscles with higher force become hypertrophied. The largest
difference in muscle force between amputated limb and intact
limb was observed in the adductor longus muscle and
indicated high contribution of this muscle to compensate for
lack of force from the other muscles in amputated limb.

Introduction

Muscle atrophy in persons with transfemoral amputation
(TFA) is one of the musculoskeletal comorbidities following
surgery that occur in muscles at amputated limb (AL).
However, a recent study shows that some muscles in AL
become hypertrophied compared to the ones in intact limb (IL)
[1], although the cause has yet to be confirmed. The cause can
be elucidated by understanding the distribution of individual
muscle forces, which has not been sufficiently studied before.
For this purpose, a musculoskeletal simulation of a gait for a
TFA was carried out in the present study.

Methods

Kinematic information and ground reaction force were
obtained from open-source data of TFA [2] during gait. A
subject with wunilateral transfemoral
amputation (male; age= 38 years, mass=
104.3 kg, height= 1.91m; gait speed=
1.4m/s) was modeled as shown in Figure
1. A musculoskeletal model was
constructed using modified Gait 2392 of
OpenSim [3], which has 12 body
segments and 23 degrees-of-freedom.
AL was modeled by removing muscles
that have no origin or insertion point in
the above knee. The distal ends of the
transected muscles in AL were re-

Figure 1: . . .
Musculoskeletal attached to the new insertion points near
model of TFA the medial ridges of linea aspera. The

final model had 22 muscles on AL and
34 muscles on IL with the same muscle properties as a healthy
person to simulate the condition before the atrophy.

Results and Discussion

Table 1 shows the result of simulation with respect to the
maximum muscle forces. Almost all muscles in AL have
lower forces compared to IL due to the reduction in muscles’
moment arms as the result of amputation. Muscles in AL with
higher forces, including adductor longus (ADDL), were
obtained due to having the same insertion point.

Table 1: Muscle force in AL compared to IL.

Muscle AL Fmax For(.:e CSA.Ratio

N) Ratio (%) in[1]
Iliapsoas 984.5 Higher 64.2
Gluteus maximus 254.5 Higher 63.6
Tensor fascialatae 0.0 Lower 46.1
Rectus femoris 203.3 Lower 56.5
Vastus medialis 0.09 Lower 54.5
Vastus intermedialis 0.0 Lower 75.1
Vastus lateralis 0.0 Lower 54.5
Sartorius 81.6 Lower 70.1
Biceps femoris 0.0 Lower 127.4
Semitendinosus 12.9 Lower 128.1
Pectineus 65.0 Higher 48.0
Gracilis 2.6 Lower 108.6
Adductor longus 246.0 Higher 143.8
Adductor brevis 53.1 Higher 75.0
Adductor magnus 18.3 Lower 85.9

The largest difference was observed in ADDL muscle force
between AL (246 N) and IL (27 N). It indicates high
contribution of this muscle to compensate for the lack of
power in AL. ADDL in AL becomes more activated and
generate higher cross-sectional area (CSA) with 143.8% ratio
[1]. Our study suggests to take benefit of this muscle in
prosthesis design and rehabilitation process.

Conclusions

The result showed that the reduction in muscles’ moment arms
might cause lower muscle forces resulting in atrophy. To
compensate, AL muscles with the same musculature as before
surgery will generate higher muscle forces. The largest
difference in muscle force between AL and IL was observed
in ADDL. It indicates the major contribution of ADDL to
compensate the lack of force from the other muscles in AL.
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Summary

The ability for humans to stay upright in the face of
unpredictable changes in their environment is remarkable,
yet we understand little about this is achieved. Here, we
determined how neuromuscular control and plantarflexor
muscle-tendon dynamics are modulated to maintain stability
during unexpected changes in ground height during hopping.
We show that an unexpected drop in ground height
introduces an automatic phase shift in the timing of
plantarflexor muscle activity relative to ground contact and
an increase in co-activation of the plantar and dorsi-flexor
muscles. This leads to shorter fascicle lengths at ground
contact and increased fascicle lengthening and forces during
the perturbed step—enabling the plantarflexors to safely and
effectively dissipate the energy injected by the drop.

Introduction

Animals display a remarkable ability to stay upright during
movement in the face of uneven or unpredictable terrain. Yet
much of our knowledge regarding locomotion has come
from studies conducted under steady-state conditions on
level surfaces. Our previous work has shown that humans
use the most distal lower-limb joints to absorb energy and
recover from perturbations [1]. However, the muscle-tendon
dynamics and neural control strategies that accompany these
responses are not yet understood. Previous unexpected drop
landings in birds highlight that muscle—tendon unit (MTU)
series elasticity acts as a buffer to rapidly absorb energy and
protect muscle fascicles from potentially injurious strains
[2]. Our aim is to provide fundamental insights into the
mechanisms for stability during unexpected perturbations.

Methods

Participants performed steady-state hopping at their
preferred frequency on a 20cm platform. We elicited an
unexpected perturbation via rapid removal of the platform.
Motion capture (Vicon, UK) was used to quantify the 3D
positions of the lower limbs. MTU lengths were computed
from a scaled musculoskeletal model and motion capture
data. Ground reaction forces were measured during hopping
using a static instrumented split belt treadmill (Bertec, USA).
Surface electromyography (EMG) was used to record muscle
activitations in the medial (MG) and lateral gastrocnemius
(LG), soleus (SOL), and tibialis anterior (TA) (Biometrics,
UK). MG and SOL fascicle lengths were determined from B-
mode ultrasound images (Telemed, Lithuania). Linear mixed
effects models were used to examine variation in muscle
activation and muscle-tendon dynamics between conditions.

Results and Discussion
The unexpected change in the height of the ground
introduced an automatic phase shift that extended the aerial

phase of the perturbed hop. This altered the timing of muscle
activation; MG and SOL activation shifted ~0.076s earlier
during the perturbation relative to ground contact and
average muscle activation increased during the aerial and
ground contact phases of perturbation compared to normal
hopping (P<0.001, Fig. 1). These alterations resulted in (1)
more fascicle shortening prior to the perturbation, (2) shorter
fascicles upon initial ground contact, and (3) increased
fascicle lengthening during ground contact of the perturbed
hop (P<0.001). Similarly for the MTU, the perturbation
leads to (1) increased MTU lengthening and shortening
during the ground contact phase, and (2) shorter MTU
lengths upon ground contact (P<0.001) (Fig. 1A-D). These
alterations in fascicle and MTU length changes together with
increases in muscle force, led to increases in energy
dissipation (negative power) during the perturbation. Finally,
we find that the perturbation leads to co-activation of the
plantarflexors and antagonist TA, which during normal
hopping activate out of phase. This co-activation improves
the capacity of the plantarflexors to rapidly absorb energy
upon ground contact, and may also aid in avoiding
potentially damaging strains.
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Figure 1: Muscle activation, MTU, and fascicle length during
normal (Norm.) hopping (P, P2, P') and the perturbation (Pert.).

Conclusions

Our study provides novel insight into how humans alter their
neural control to modulate in vivo muscle-tendon dynamics
in response to unexpected perturbations. These data provide
insight to guide design of lower-limb assistive devices that
can perform within varied and unpredictable environments.
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Summary

Rocker shoes are used to offload high-risk areas of the foot to
prevent foot ulcers in diabetic patients with loss of protective
sensation. Forefoot rocker shoes can reduce the peak plantar
pressure of the hallux and MTH regions, however pressure in
the heel region is often elevated by this type of footwear.
Therefore, the effect of different heel rocker designs (12) on
the heel plantar pressure (at 7 masks) is analyzed in this study.
Results have shown a significant main effect of the rocker
radius on the relative peak plantar pressure for the different
heel masks. Patients with high risk areas in the proximal heel
region benefit more from a rocker shoe with larger heel radii
whereas smaller heel radii are beneficial for patients with high
risk areas in the distal heel region.

Introduction

Rocker shoes are used to offload high-risk areas of the foot to
prevent foot ulcers in diabetic patients with loss of protective
sensation. These high-risk areas are the hallux, metatarsal
heads (MTH) and heel region [1]. Forefoot rocker shoes can
reduce the peak plantar pressure of the hallux and MTH
regions, however pressure in the heel region is often elevated
by this type of footwear, indicating great importance to focus
on this region [2,3,4]. No studies have analyzed the effect of
different heel rocker designs on the heel plantar pressure yet.

Methods

Shoes with 12 different heel rocker configurations were
designed having different heel rocker radii, apex positions and
apex angles (Figure 1). The relative peak plantar pressure
(RPP) of each configuration at 7 heel locations (masks, Figure
1) was studied in 10 healthy participants.

Results and Discussion

There is a significant main effect of the rocker radius on the
RPP for the different heel masks. Compared to a smaller
radius (SR), a larger radius (LR) causes a significantly lower
RPP in mask 1, 2 and 3 whereas the same radius causes a
significant increase in RPP in mask 5 and 7. Moreover, a
significant interaction effect between the rocker radius and the
apex position for mask 1 and 3 was found. A LR, compared
to a smaller, with a proximal apex position causes a
significantly lower RPP in mask 1 and 3. The same result is
seen in mask 1 with the mid-apex position.

The shape of the heel rocker affects heel pressure during the
loading response of the first rocker. The radius of the

curvature influences how the pressure is redistributed. A steep
curve (=SR) resulted in an increased RPP in the proximal heel
region compared to a LR, probably due to a shortened rear
curve rolling time. Lin et al. showed that the efficacy of rocker
shoes is reduced when the curve rolling time is decreased,
which could explain this finding [5].
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Figure 1: (A) The numbers represent the 7 masks (B) Red, black and
blue lines respectively represent: apex angle of 100°, 90° and 80°.
The distal, mid and proximal apex position are also shown in the
same image. (C) Left image illustrates heel rockers with large radii
(range: 6.00 - 6.88cm) and right image shows heel rockers with small
radii (range: 1.12 - 4.50cm).

Conclusions

Patients with high risk areas in the proximal heel region
benefit more from a rocker shoe with larger heel radii whereas
smaller heel radii are beneficial for patients with high risk
areas in the distal heel region.
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Summary

Femoroacetabular impingement syndrome is commonly
treated via arthroscopic surgery or conservative management.
This randomised controlled trial compared the effects of these
treatment approaches on external biomechanics during self-
paced walking at baseline and 12-month follow-up. We
observed no differences in trunk, pelvis, and lower-limb
biomechanics between treatment groups, though both groups
exhibited altered biomechanics at follow-up compared to
baseline. The clinical implications of these relatively small
changes require further investigation.

Introduction

Femoroacetabular impingement syndrome (FAIS) is a
motion-related hip disorder, whereby an abnormally shaped
femoral head/neck and/or acetabulum leads to mechanical
impingement and hip pain [1]. FAIS may predispose an
individual to hip osteoarthritis. Hip arthroscopy and
physiotherapist-led conservative management are common
treatments, though patient reported improvements in
symptoms and function are modest. Although hip arthroscopy
rates increased 460% from 2005 to 2013 [2], arthroscopic hip
surgery does not restore normal walking patterns in those with
FAIS [3]. The effects of conservative treatment on walking
biomechanics in FAIS have not been explored, nor have
treatment approaches been compared. We compared changes
in trunk, pelvis, hip, knee, and ankle angles, and hip, knee, and
ankle moments during self-paced walking following
arthroscopy or conservative management of FAIS.

Methods

The Australian FASHIoN Trial recruited patients from
waiting lists for arthroscopic treatment of FAIS (n=140), and
a subset underwent biomechanical analysis (n=45). Patients
were randomly assigned to arthroscopy (ARTH; n=21) or 12
weeks of conservative care (Personalised Hip Therapy, PHT;
n=24) [4]. Three-dimensional body motion and ground
reaction forces were measured prior to treatment (baseline)
and at 12-months (follow-up) during four self-paced walking
trials. Inverse kinematics and dynamics were performed in
OpenSim [5]. Trunk, pelvis, and lower-limb angles (°), and
lower-limb external moments (Nm/kg), were compared
between baseline and follow-up and treatment groups using a
two-way repeated measures analysis of variance via statistical
parametric mapping (p<0.05).

Results and Discussion

We observed no differences in treatment effects for any angles
or moments during walking. Compared to baseline values,
both ARTH and PHT patients walked with mean increased hip
external rotation (mean difference (MD) 7.5° 95% confidence
interval (CI) 3.2 to 11.8, p<0.001) angles, reduced hip flexion
(MD 0.12 Nm/kg 95%CT 0.02 to 0.23, p=0.03), increased hip
extension (MD 0.16 Nm/kg 95%CI 0.04 to 0.29, p=0.01), hip
external rotation (MD 0.02 Nm/kg 95%CI 0.004 to 0.04,
p=0.04), knee flexion (MD 0.09 Nm/kg 95%CI 0.04 to 0.14,
p=0.01), and plantarflexion (MD 0.07 Nm/kg 95%CI 0.04 to
0.11 p=0.02) moments (Figure 1).
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Figure 1. Ensemble average (+1 standard deviation) hip
angles (°) and moments (Nm/kg) for PHT (blue) and ARTH
(red) at baseline (solid) and follow-up (dashed). Green
shading indicates significant differences between baseline and
follow-up for both treatment groups (p<0.05). Grey dashed
line - toe off (mean for all participants).

Conclusions

The effects of ARTH and PHT on walking biomechanics in
patients with FAIS did not differ. Regardless of treatment,
several lower-limb biomechanical parameters were altered at
12-month follow-up. The clinical and structural implications
of these relatively small changes require further investigation
over both the short- and long-term.
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Summary

This study evaluates the effect of a specific foot strengthening
exercise program on foot strength in people with diabetes and
peripheral neuropathy. After 12 weeks, 20 participants
returned to the laboratory for retesting (77%). We found a
significant interaction between groups and time, whereby
participants in the intervention group increased their toe
strength compared to baseline. This study has provided good
pilot data to show that a foot strengthening exercise program
may be suitable for people with diabetic neuropathy.

Introduction

Diabetic polyneuropathy (DPN) is one of the most common
complications associated with diabetes, present in 50-70% of
older people with diabetes [1]. In later stage DPN, sensory and
motor dysfunction occurs and muscle weakness develops,
with muscle weakness progressing with the level of
neuropathy [1]. Foot strength is particularly diminished in
people with diabetes and peripheral neuropathy. Little is
known as to whether strength can be altered through targeted
exercise in people with diabetes and peripheral neuropathy.
This study evaluates the effect of a specific foot strengthening
exercise program on foot strength in people with diabetes and
peripheral neuropathy.

Methods

A randomized control trial design was conducted to assess
change in outcome measures following a 12-week foot
strengthening exercise program. 26 participants presented
with peripheral neuropathy and were eligible to be
randomized to the foot strengthening exercise program (n =
15) or control groups (n = 11). Toe and ankle strength at
baseline and after the intervention were measured [2]. A two-
way repeated measures analysis of variance design, with one
between factor (group: Toe-Training class and control) and
one within factor (test session: pre and post), was then
conducted to test whether the foot strengthening exercises
affected foot strength over time.

Results and Discussion

20 participants returned to the laboratory for retesting (77%;
control = 9, intervention = 11). Significant time x group
interaction effects were found for both hallux and lesser toe

strength (Figure 1). For hallux strength, there was a decrease
in the Control group (Maifr = -0.99 %BW), but there was a
significant increase in hallux strength from pre- to post-
intervention testing for the intervention group (Maigr = 1.31
%BW). Similarly, for lesser toe strength, there was a decrease
in strength across time for the Control group (Mair = -0.87
%BW), but there was a increase in lesser toe strength from
pre- to post-intervention testing for the intervention group
(Maitr = 0.32 %BW). There were no significant interactions
for ankle strength (plantarflexion, dorsiflexion, inversion,
eversion).
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Figure 1: Change in toe strength for the control and intervention
groups over the 12 week intervention period (* indicates significant
group*time interaction p < 0.05)

Conclusions

This study has provided good pilot data to show that a foot
strengthening exercise program may be suitable for people
with diabetic neuropathy. The progressive, supervised 12-
week exercise program class was able to increase both hallux
and lesser toe flexor strength and minimize loss of foot and
ankle strength associated with diabetic neuropathy.
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Summary

Ankle kinematics was estimated from magneto-inertial
measurement units (MIMU) data, devising an ad hoc
functional calibration procedure. Intra/inter operator
repeatability was tested to be in the range of 1 and 2 deg,
respectively. The accuracy of the method, obtained as
comparison with stereophotogrammetric data, showed high
waveforms’ shape similarity, even though with variable and
ample posture angles disagreement, calling for further
studies.

Introduction

In-field assessment of ankle joint kinematics is relevant in
several different applicative settings. It can be obtained by
positioning two MIMUs on shank and foot segments,
estimating MIMU orientation in a common global
coordinate system and then orienting them according to the
anatomy of the relevant segment. To this aim, typically for
the knee joint, functional calibration approaches are used
that reconstruct selected anatomical axes starting from the
direction of the average angular velocity vector measured
during ad-hoc passive or active movements of a segment
about two of its anatomical axes. However, this approach
has not been applied to the ankle joint, possibly due to its
complex functional anatomy and smaller range of motion.
The aim of this study is to develop a MIMU-based
functional calibration approach for the ankle joint which
combines a functional and a reference pose imposition
approach. The procedure inter and intra-operator
repeatability and its accuracy, as a comparison to
stereophotogrammetric gold standard measures, were also
assessed during walking.

Methods

The functional calibration entails determining foot and tibia
anatomical frames (AFs) using as key axes (Fig. 1): i. the
plantar-dorsiflexion (PD) axis obtained through a passive
functional movement (ay); ii. the gravity direction when the
subject is in orthostatic posture (shank vertical axis, a); iii.
by aligning the foot to a wooden plate equipped with a
MIMU (foot long axis, a;). Determining a, and a; required
the subject to be in orthostatic posture for a few seconds.
The sequence to achieve foot and shank AFs is depicted in
Figure 1.

Four healthy subjects (1F, 3M; age = 26.8 + 3.2 years; mass
= 69 + 13 kg; height = 1.8 £ 0.1 m) were recruited.
Candidates wore 2 MIMUs (Trident, Vicon, UK, @1200
samples/s), each attached to a plate equipped with retro-
reflective markers captured by a 7-cameras optoelectronic
system (Vero/Bonita, Vicon, UK, @100 sample/s). A total
of 3 operators performed 3 times the calibration procedure

performing 10 passive PDs, to estimate the PD functional
axis (ay) as the mean positive angular velocity vector. Three
orthostatic posture measurements were performed. Each
subject performed 3 linear gaits at chosen velocity. Ankle
kinematics was computed according to ISB-
recommendations [1]. Intra and inter-operator repeatability
was quantified in terms of root mean squared distance
between curves (RMSDxep); RMSDacc and r correlation
coefficient between MIMU- and optoelectronic-based
kinematics were used to assess accuracy. Accuracy was
computed for the posture angles and, after aligning the AFs
to the same posture, for the task.

a

Figure 1: AFs definition for foot and shank.

Results and Discussion

Results relative to level walking PD angles revealed a good
intra and inter-operators RMSDyep (0.8 £ 0.4 and 1.7 + 1.0
deg, respectively). RMSDqcc was of 8.5 £ 5.9 deg for upright
posture and 4.3 + 1.4 deg for walking, with r correlation
coefficient of 0.94 + 0.05. Although RMSDy values
indicate the presence of an offset between the curves that
may be related to different procedures to obtain @, when
using MIMUs or stereophotogrammetry, high » correlation
coefficient suggests good waveforms’ shape similarity.

Conclusions

The proposed functional methodology led to a repeatable
estimation of lower limb kinematics. Inter/intra-operator
repeatability were in line with those obtained with former
anatomical calibration procedures [2] and denote it as
promising approach for applied research. Discrepancies
relative to the accuracy estimated here and elsewhere [2]
may be attributed both to differences in calibration
procedures and to different procedures to calculate the
RMSD.
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Summary

While growing literature has detailed the foot’s energetic
capacity during steady-state locomotion, its energetic
capacity during accelerations and decelerations is unknown.
Here we examined the foot and its intrinsic muscles’
energetic contributions to non-steady state tasks with
increasing work demands.

Introduction

When accelerating or decelerating, energetic demands at the
centre of mass are met by generation (positive work) or
dissipation (negative work) of energy of lower body joints
like the hip, knee, and ankle. A recent study showed the foot
and its intrinsic muscles also make energetic contributions to
the centre of mass during stepping tasks [1]. However, the
work magnitudes used in this study were small, and the force
capacity of the small intrinsic foot muscles is likely limited.
Therefore, we investigated the capacity for the foot to
generate energy across a range of jumping heights, and
dissipate energy over a range of landing heights. We
hypothesized that the foot’s net-work magnitudes would
increase for both tasks (e.g. more negative foot work when
landing from higher height) as work demands increased. We
also compared normal task performance to a condition where
recruitment of the intrinsic foot muscles was blocked, and
further hypothesized that less net foot work would be
performed at each height for each task in the blocked
condition.

Methods

11 participants performed unilateral, submaximal jump trials
onto three box heights and drop landings from three box
heights (see Fig. 1). Then, a tibial nerve block was
administered to participants’ dominant leg to block
recruitment of the intrinsic foot muscles. The task protocol
was repeated. All tasks for both conditions were performed in
a randomized manner. For all trials, motion capture (Oqus,
Sweden) and force plate (AMTI, USA) data were collected at
250 and 2500 Hz, respectively. From motion data, inverse
kinematics were calculated using a hip, knee, ankle, and foot
chain. Kinematic data were combined with force data to
calculate inverse dynamics (Visual 3D, USA). A unified-
deformable foot model [2] was used to quantify the whole
foot’s (including soft tissue) energetic contributions from all
structures distal to the calcaneus.

A 2 x 2 (Height x Condition) repeated-measures ANOVA
was performed in order to assess the effects of the nerve block
on task performance as work demands increased.

Results and Discussion

Negative foot work increased as landing height increased
(»=0.001) but remained constant in relation to COM work
(»p=0.288). The nerve block resulted in a decrease in negative
work performed by the foot during landing (p=0.015) and
~3% reduction relative to COM work (p=0.02). Positive foot
work increased with increasing jump height (p=0.004)
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without any changes in foot contributions to COM work
(»=0.102). Also, the nerve block resulted in decreased
positive foot work during jumping (p=0.001) and ~3%
reduction in relation to COM work (p=0.001). The foot still
played a large energetic role in both jumping (10% net
positive COM work) and landing (12% net negative COM
work) without the intrinsic foot muscles, which indicate the
extrinsic foot muscles, which our nerve block did not affect,
play a large role in the foot’s energetic function. Also, our
study highlights the importance of soft tissues like the plantar
fat pads in energy dissipation when decelerating.

For jumping and landing in the blocked condition, relative
ankle contributions to COM work decreased compared to
normal conditions (p=0.010, p=0.002). This finding is
consistent with previous literature employing a similar nerve
block during running [3]. Previous authors have suggested the
intrinsic foot muscles may act to control the centre of
pressure, influencing to the ankle plantar flexors’ external
moment arm [4]. Through this mechanism, the reductions in
ankle contributions observed in our data may stem from the
intrinsic foot muscle block, but this remains speculative.
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Figure 1. Group mean foot and ankle work values in relation the
COM work for jumps (top row) and landings (bottom row) at all
heights. Blue bars are normal conditions, red bars are blocked.

Conclusions

While blocking recruitment of intrinsic foot muscles had
small effects on net work contributions, their role in affecting
proximal ankle work contributions may warrant further
investigation.
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Summary

Elastic wave propagation in skeletal muscles is essential in
supersonic shear imaging and noninvasive therapies. This
study examines the viability of using a Hill-type muscle model
with distributed mass to simulate the shear wave propagation.
A skeletal muscle with fixed ends is discretized by the
proposed muscle element, and its wave propagation is
initialized by the impact of a rigid ball. Numerical results of
the shear wave velocity are validated by comparison with
theoretical derivations, highlighting its use in the biodynamic
analysis of musculoskeletal systems under large and
impulsive loadings.

Introduction

Elastic wave propagation within human muscles is crucial for
dealing with musculoskeletal disorders. For example, it is the
basis of sonoelastography and extracorporeal shock wave
therapy. Unfortunately, assessing in vivo wave propagation in
muscles during active contractions remains challenging.
Musculoskeletal models provide a systematic pathway to deal
with the muscle contractile force, whereas conventional Hill-
type muscle models do not account for the muscular mass.
Giinther et al. [1] have proposed contractile muscle models
with inertial mass distribution. However, these models remain
difficult to be utilized in large-scale models. Recently, we
developed a novel muscle-tendon model based on a flexible
multibody dynamics approach [2,3], which simultaneously
takes the muscular mass and the Hill-type contractile element
into account. The purpose of the current study was to
investigate its potential for simulating -elastic wave
propagation based on a computational benchmark.

Methods

The skeletal muscle is discretized by the previously proposed
flexible cable element [2,3]. Each end of this muscle is fixed
to the ground by a spherical joint. The muscle geometry is
idealized as a cylinder with a height of 1m, and other
modeling parameters are taken from the rectus femoris within
the OpenSim gait2392 model.

At the beginning of shock, a rigid ball of 0.1kg impacts the
center node with a speed of 20m/s. After that, the muscle
simultaneously produces the longitudinal wave and the shear
horizontal (SH) wave at the middle node, and then these two
waves spread to both ends. Numerical results of the SH wave
velocity are compared with the analytical solution based on
continuum mechanic theory.
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Results and Discussion

As shown in Figure 1, the longitudinal wave travels back and
forth until the muscle stress stabilizes. The more refined the
mesh, the more longitudinal waves interact with each other at
the same time. The first SH wave is reflected by the ground to
form a higher stress peak. Simulation accuracy of the SH wave
velocity is negatively correlated with muscle activation level
a™ because the contact duration cannot be ignored at low-
level muscle contractions. Consequently, the root-mean-
square error is decreased from 6.65% at minimal activation
(@™ = 0.015) to 3.96% at maximal activation.
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Figure 1: Muscle stress at maximal activation.

Conclusions

The present study demonstrates that the Hill-type flexible
cable with distributed mass successfully captures the elastic
wave propagation behavior, suggesting its potential use in
large-scale musculoskeletal models under impulse loadings.
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Summary

Micro-CT (uCT) images of cadaveric femora, previously used
for mechanical testing [1], were used to create finite element
models. The models include vessel holes in the cortex of the
lateral neck. Strains were compared to the experimental data
(fracture line and surface strains [1]). The detailed models
reveal strain concentrations surrounding vessel holes that
affect the femur’s fracture behavior.

Introduction

Finite element (FE) models for prediction of the mechanical
behavior of femora under sideways fall loading are becoming
more and more accurate. Recently, bilateral digital image
correlation (DIC) has been used to show strain concentrations
surrounding vessel holes [1,2]. These strain concentrations
could lead to fracture of the femur but are currently not
captured by organ level FE models of the femur. The aim of
this study was to more accurately predict surface strains and
fracture locations in the femoral neck by including vessel
holes in finite element models of the femur.

Methods

In a previous study, 12 female cadaveric femora (age 22-88)
were mechanically loaded under simulated sideways fall until
macroscopic fracture occurred [1]. Strains were measured in
the medial and lateral femoral neck using DIC. uCT images
including hydroxyapatite calibration phantoms were taken
before (isotropic voxel size of 52-60 um, 100 kVp, 0.2 mA)
and after the mechanical testing experiment (isotropic voxel
size of 60 um, 65 kVp, 0.13 mA). The images of the fractured
bones were used to accurately determine the fracture line.

Linear elastic FE models of the proximal femur replicating the
experiment were created (Figure 1A). The complete proximal
femur was segmented from 8x downscaled pCT images of the
intact femur. The lateral neck was segmented from the full
resolution pCT images. From the segmentations a mesh was
created with high detail in the lateral neck (element size ~0.25
mm) and lower detail in the rest of the femur (element size ~3
mm) (Figure 1B). The elements in the lateral neck were
assigned a Young’s modulus based on the mineral density
obtained from the calibrated pCT images. For the remaining
elements, clinical calibrated CT images were used to assign
Young’s moduli. The applied load was set to 90% of the
experimental peak force. Strains predicted by the high-
resolution FE models were compared to the strains measured
by DIC and the resulting fracture line.

Results and Discussion

Preliminary results from one subject show that the resulting
fracture line goes through some of the larger vessel holes in
the lateral neck (Figure 1C). From the high-resolution FE
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model we can also see strain concentrations surrounding these
vessel holes (Figure 1D). A comparison between the strains
predicted by the FE model and the strains measured with DIC
reveals similarities in strains surrounding a large vessel hole
(Figure 2). Due to the higher spatial resolution of the FE
model the high strains are limited to a smaller area and some
smaller regions with high strains are revealed that are not
captured by the DIC measurements.

Models of the remaining 11 femora are being created to
confirm these preliminary findings.

B Ay g - ’ 3 -
Figure 1: A) FE model with boundary conditions. B) Mesh in the

lateral neck. C) uCT of the fractured femur. D) Strain in the lateral
neck with experimental fracture line indicated in black.
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Figure 2: A comparison between strains predicted by the high-
resolution FE model and strains measured with DIC.
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Summary

We propose a neuromechanical model based on a detailed
model of muscle mechanics to identify neural and non-neural
contributions to joint hyper-resistance as observed during the
pendulum test in children with spastic cerebral palsy (CP).

Introduction

The pendulum test is a clinical test for measuring joint
hyper-resistance. To perform this test, the examiner drops
the lower leg of a seated and relaxed patient from the
horizontal position [1]. The knee angle trajectory is recorded
while the lower leg swings freely under the influence of
gravity. With increasing levels of spasticity, as measured
with the Modified Ashworth Scale (MAS), first swing
excursion (FSE) decreases [1]. Yet there is large variability
in FSE between children with the same MAS scores [1] (Fig.
1a), which might be caused by different neural contributions,
i.e. hyperreflexia and muscle tone, and non-neural
contributions, i.e. altered mechanical tissue properties, to
joint hyper-resistance [2]. However, distinguishing these
contributions based on clinical tests alone is challenging.
Here, we propose a neuromechanical model to identify these
different contributions. We previously demonstrated that
modeling the interaction between short-range stiffness
(SRS), a movement history-dependent increase in force upon
stretch, and muscle tone was essential to capture the reduced
FSE [3]. Yet our torque-driven model failed to explain fine
details of experimental kinematics. We therefore modeled
muscles by an extended Hill-type model that accounted for
SRS. To test whether a muscle-driven model can explain the
large variability in pendulum kinematics across typically
developing (TD) children and children with spastic CP, we
assessed (1) the quality of the fit between measured and
simulated kinematics and (2) the differences in parameters
between children with CP and TD children.

Methods

We modeled the lower leg as a pendulum actuated by two
antagonistic Hill-type muscles extended with SRS. SRS
acted in parallel with the contractile element during the first
stretch only since SRS disappears with prior movement, and
was proportional to muscle tone and muscle stretch up to a
critical stretch [4]. We allowed the onset of passive force
development to shift to smaller (< 0.1, increased stiffness) or
longer fiber lengths (> 0.1, decreased stiffness). We
estimated baseline tone of both muscles as well as this shift
by optimizing the fit between simulated and measured knee
angle trajectories for two to four trials from four children.
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Results and Discussion

We could fit a wide range of pendulum test kinematics (Fig.
l1a) by allowing only three parameters to vary (Fig. 1b). We
found higher baseline muscle activations and passive forces
i)n children with CP that had smaller FS excursions (Fig. 1b).
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Figure 1: (a) Experimental and simulated pendulum kinematics.

(b) Identified model parameters.

—— Experimental trajectory
—— Simulated trajectory

Through muscle mechanics, an increase in baseline tone was
coupled to an increase in SRS force, muscle stiffness and
damping, which captured changes in pendulum kinematics.
Accurate models of muscle mechanics might therefore be
important to identify contributions of abnormal muscle tone
to joint hyper-resistance. We plan to extend our model with
reflexes and to validate it by testing whether the identified
model parameters capture the effect of pre-movement on
pendulum test kinematics. We recently demonstrated that
moving the leg prior to releasing it during the pendulum test,
which reduced contributions from SRS, increased the FSE
and that this increase was larger in children with CP [5].

Conclusions

A detailed model of muscle mechanics elicited the important
role of increased muscle tone in joint hyper-resistance.
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Summary

Estimation of contact forces is crucial for the assessment of a
human joint. In this study, we present a contact model
designed to work with automatic differentiation tools, recently
shown to have sped up the computation of biomechanical
simulations. The implemented contact model was applied in a
knee pose estimation analysis, leading to both lower
computational time and higher accuracy.

Introduction

Biomechanical simulations aimed at estimating or predicting
joint contact forces need an efficient contact model to obtain
feasible solutions in a short period of time. In musculoskeletal
simulations, automatic differentiation (AD) tools have been
shown to be computationally efficient [1]. Using AD,
simulations with complex musculoskeletal models can be up
to 20 times faster than using traditional finite differences
(FD). These tools exploit the expression graph of the
mathematical expressions to obtain derivatives efficiently.
However, contact models based on mesh contacts are not
suitable for AD tools, since many if statements are required
during the computation of contact pairs. In this study, we
formulated an elastic foundation contact model to be used
with mesh contacts and AD tools. The model was applied to a
knee-prosthesis pose estimation analysis.

Methods

The goal of the simulation is to obtain the poses of a tibial tray
with respect to a femoral component. Experimental data of
knee contact forces and moments and knee kinematics during
a gait cycle were obtained from [2]. Before the optimization,
the preprocess consisted of choosing the most appropriate
mesh refinement and finding the potential pairs of faces to be
in contact. The method to automatically calculate the
penetration among faces of the mesh during the optimization
iterations consists of the following steps: 1) Calculation of
distances among potential contact faces (Figure 1); 2)
Estimation of the potential penetration distances, similar to
[3]; and 3) Identification of the maximum penetration based
on a continuous function. After that, contact forces are
estimated using the elastic foundation contact model from [4].
Finally, the resultant contact wrench is calculated at the center
of the body.

An optimal control problem was formulated to pose the tibial
tray as close to the experimental data as possible (cost
function) so that the modelled contact forces and moments
matched the experimental ones (constraints). The state
variables were the six degrees of freedom of the tibial tray and
their velocities. Accelerations of the tibial tray and residual

OA7

forces and moments were formulated as controls, and
minimized in the cost function. The optimal control problem
was formulated in CasADi and solved with AD and FD
methods.

[ Preprocess ]
|

Optimization, including
calculation of:

Penetration distance
Contact force at each face

Resultant contact wrench

Knee kinematics and
dynamics

Figure 1. Meshes of the knee prosthesis with an example of
potential contacting pairs (left). The process to compute the contact
forces within the optimization (right).

Results and Discussion

The optimization found optimal solutions with both AD and
FD methods. The results were faster and slightly more
accurate using AD tools (Table 1).

Table 1. Results of the optimization for AD and FD.

iterations Time RMSE RMSE moments
(s) forces (N) (Nm)
AD 794 330 | 14.1+21.3 0.83 £0.21
FD 891 563 14.8 £18.5 1.15+0.23
Conclusions

The results suggest that this model can be used in
musculoskeletal simulations in combination with automatic
differentiation tools. The model could be used to estimate
joint contact parameters or to predict human movement.
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Summary

Using a database of 20 subjects, a statistical shape model
(SSM) of the hind- and mid-foot was generated using open-
source software. The SSM contained distal tibia-fibula, talus,
calcaneus, tarsal, and metatarsal bones. SSM-based
reconstructions of these bones, for the mean, and first
principal component (PC) variations were subsequently used
to generate a musculoskeletal model of the hind- and mid-
foot. PC variations, variations in geometry and mechanical
function of the models were then established.

Introduction

The ankle-foot is a highly complex structure containing > 20
bones. The complex structure is essential for the function of
these joints during dynamic tasks such as walking providing
an essential combination of flexibility, stability, and strength.
Variations in the shape of any bone and subsequently joints,
likely has an impact on the functionality of the ankle-foot.
Previous research has applied statistical shape modelling
(SSM) methods to assess variations in individual bones [1],
and in isolated cases joint geometries [2]. Although providing
valuable information, the potential functional impact of these
structural variations is rarely considered. Such information
could provide valuable information regarding functional
interactions between the bones/joints of the hind- and mid-
foot. Therefore, the aim of this study was to generate a SSM
of the hind- and mid-foot to investigate (1) structural
variability in a healthy cohort, and (2) the associated changes
in function during simulated stance tasks.

Methods

Segmentations of the distal tibia-fibula, talus, calcaneus,
tarsals, and metatarsals were performed from computed
tomography (CT) scans of 20 healthy subjects. Due to
irregular scan dimensions, tibia-fibula truncations were
inconsistent between subjects. A previously validated SSM
workflow [3] was used to (1) reconstruct full tibia-fibula
bones for each subject, and (2) perform truncation to
consistent anatomical regions. All segmentations were
smoothed and re-meshed to the same number of vertices and
faces (per bone) based on a-priori based on the lowest number
of faces/vertices where reconstruction error was <lmm.
Individual bones, for each subject, were then merged into a
single mesh file. An established SSM workflow [4] was used
to generate a SSM of the hind- and mid-foot in a three-step
process. The first subject was used as a reference mesh, all
remaining subject meshes were then morphed, using radial
basis functions, to ensure node correspondence between
subjects. Second, a rigid body transformation was performed
to remove rotational and translational offsets. Finally,
principal component (PC) analysis was used to extract the
mean shape and statistical variations in geometry from the
population. The mean shape model, and PCs were used to
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generate bone models at the extremes of PC1 (i.e., £2 standard
deviation). Mean model, and PC1+2, and PC1-2 bone models
were implemented in a dynamic musculoskeletal model [4].
Each model was subjected to cyclic moments between
+3.5Nm and -3.5Nm in inversion/eversion. Geometrical
properties and load—displacement characteristics were then
compared between models.

Results

Comparing morphological differences demonstrate the main
differences to be size (PC1-2 < Mean (PC1) <PC1+2) as well
as differences in foot type where PC1-2 corresponds to a flat
foot, PC1 a normal arched foot and PC1+2 to a high arch foot.

Figure 1: Comparison of bone model morphology of the three
models: yellow (PC1+2), blue (Mean), and red (PC1-2).

Load-displacement characteristics in inversion/eversion obtained for
each of the dynamic models (Figure 2) produced for mean, PC1+2
and PCI1-2 were compared (Figure 3). The results clearly show a
significant difference in the mechanical properties where PC1-2
(flatfoot) was the stiffest, followed by PC1 (normal arch), followed
by PC1+2 (high arch).

Eversion/Inversion

Figure 2: Dynamic model of
the foot (shown PC1+2).

Figure 3: Comparison of the ad-
displacement properties of the
three models.

Discussion and Conclusions

Variation in the first PC of the SSM model of the foot are
associated with variation both in size and foot type i.c., arch
height (from flat arch to normal to high arch), these variations
also produce significant changes in the mechanical
characteristics. These differences may also manifest in other
simulated tasks including gait like tasks.
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Summary

We investigated the mechanical and morphological
properties of Achilles tendon rupture (ATR) in 24 patients as
part of a prospective cohort study - NoARC.
Ultrasonography and dynamometry were used to assess the
muscle-tendon unit properties of non-surgically treated
patients 1-year post rupture. Results showed that injured
tendons were 13.5% longer and 93.2% thicker. MG-fascicles
were 23.8% shorter and 21.7% more pennated in the injured
limb. We found no difference in stiffness between the limbs.
Inter-limb difference in MVC was moderately correlated
with difference in stiffness (r=0.45, p=0.026) and MG-
fascicles length (rs=0.55, p=0.005). Poor self-evaluated
functional outcome was associated with longer AT resting
length (r=0.64, p=0.004). Even when stiffness of non-
surgically treated tendons was similar to the un-injured,
plantar flexion strength deficit was still present likely due to
shorter muscle fascicle length.

Introduction

Achilles tendon (AT) rupture appears to impair stiffness and
elongation of the AT [1,2]. These deficits may alter the
overall function of AT in force transmission and affect the
triceps suraec muscles. Optimal tendon stiffness is essential
for efficient economy and performance of locomotion [3].
Understanding how the mechanical properties of the muscle
tendon unit change post-rupture is an important pre-cursor to
understanding the recovery process.

Methods

Twenty-four participants (means: 43.2 y, 176.1 cm, 80.9 kg)
were treated non-surgically in combination with early
mobilization. The Ethics Committee of Central Finland
Health Care District approved the study (2U/2018).

MG tendon resting length and AT thickness were measured
using a 3.6-cm linear probe (UST-5411; 7.5 MHz, Aloka
Alpha, Japan). MG fascicles length and pennation angle
were assessed using a 6-cm linear probe (UST-5712; 7.5
MHz). Images were acquired with subjects in prone position
with feet relaxed at the end of the table. Patients filled out
Achilles tendon rupture score (ATRS) surveys (0-100= no-
high impairments) during the 1-year follow up.

Force data were collected at 1 KHz via a transducer in the
foot pedal of the ankle dynamometer. During maximal
isometric contractions (MVC), displacement of MG muscle-
tendon junction was imaged with 6-cm linear probe (UST-
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5712; 7.5 MHz) in B mode while calcaneal movement was
monitored using potentiometer. Tendon elongation and force
were synchronised and fitted to a second order polynomial
forced through zero. Tendon stiffness was defined as the
slope of the fitted polynomial at 50% of the injured limb
MVC. Bilateral differences were tested with t-test and
associations with Pearson’s correlation.

Results and Discussion

Injured tendons were longer with a mean difference of 2.5
cm (1.5-3.5 cm; p<0.001), and thicker 4.4 mm (3.5-5.1 mm;
p<0.001). MG-fascicles were shorter in the injured limb with
a mean difference of 1.1 cm (0.9 -1.4 cm; p<0.001) and more
pennated 4.5° (2.6-6.4 °; p<0.001). We did not find
statistically significant difference in stiffness 1-year post
rupture between injured 413.4 £ 186.6 N/m Vs un-injured
486.5 + 210.2 N/m. The injured tendon showed lower AT
elongation during MVC with a mean difference of 3.5 mm
(1.9-5.1 mm, p<0.001). MVC difference between n limbs
was correlated with difference in stiffness (1:=0.45, p=0.026)
and MG-fascicle length (rs=0.55, p=0.005). ATRS was
correlated with difference in AT resting length between
limbs (rs=0.64, p=0.004).

The persistence of plantar flexor torque deficits, even after
stiffness of the tendon was similar to the un-injured, suggest
that deficits in force production 1-year post-rupture may be
largely due to the shorter length of MG fascicles.

Conclusions

Non-surgically treated tendons seem to heal at an elongated
length, accompanied by MG remodeling at a shorter and
more pennate fascicle. Tendon elongation seems to be the
associated and likely factor leading to the observed
objectively measured and  self-reported functional
disabilities.
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Summary

The long-term effects of repeated mild joint injuries are an
understudied area of research. This mouse model of double
mild knee injury events separated by different lengths of time
demonstrates cumulative joint pathology and early signs of
osteoarthritic change. The greater change observed in injured
joints with longer separation times between injuries may have
implications for the timing of return to play.

Introduction

Mild knee injuries characterised by contusions and low-grade
sprains are common occurrences in sports players [1]. Prior
injuries are associated with a higher risk of recurrent injuries
[2] but little is known about the cumulative effects of repeated
mild injuries over time or the longer-term impacts on joint
health and function. A mouse model was used to investigate
the effect of single and repeated mild knee injuries on the risk
of major injury (anterior cruciate ligament, ACL, rupture) and
joint pathology associated with the onset of osteoarthritis.

Methods

Ten-week-old male C57BL/6J mice were randomly assigned
to 1 of 4 mild knee injury groups: 1) naive, no-injury (NI)
control; 2) single injury (SI); 3) double injury separated by 2
weeks (DI-2w); 4) double injury separated by 4 weeks (DI-
4w). Injury was induced by a single tibial compression load
on the right hindlimb of anaesthetised mice. The injured knee
was evaluated for changes in ACL biomechanics (tensile test:
maximum load and stiffness; n=10/group at 14, 16 or 18
weeks of age) or osteochondral gene regulation in the patella
and medial/lateral tibial epiphysis (RT-qPCR: Acan, CollAl,
Col2, Mmp-2,-3,-9, Timp-1,-3; n=6/group at 14, 16, 18 or 26
weeks of age). A small subset of animals were assessed at 26
weeks for signs of structural histopathology (n=3/group). Data
analysis was performed using mixed model regression for the
biomechanical data and Kruskal-Wallis for gene expression.

Results and Discussion

ACL failure load and stiffness were not significantly different
between groups, suggesting minimal direct damage to the
ACL in this model. ACL stiffness at 18 weeks was
significantly lower than earlier time points in all groups (P <
0.008) except DI-2w (P > 0.759). It is unclear if the absence
of change in DI-2w is related to the timing of the second injury
relative to the first injury.

Significant changes in gene expression occurred
predominantly in the medial tibial epiphysis and the patella.
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In the medial tibial epiphysis, the fold change of Col2
increased significantly over time in both the SI and DI-2w
groups (P < 0.05). In contrast, Mmp-3, -9 and Timpl were
significantly upregulated in DI-4w at 26 weeks compared with
earlier time points (P < 0.05). In the patella, CollA1l, Mmp-2
and Mmp-3 were significantly downregulated over time in
both DI groups (P <0.05). At 26 weeks of age, Mmp-3,-9 and
Timp-1 were significantly higher in DI-4w compared with DI-
2w (P < 0.05). These are genes which have been associated
with the progression of osteoarthritis.

At 26 weeks all injury groups demonstrated signs of cartilage
pathology compared with the smooth surface of NI joints
(Figure 1). SI cartilage was roughened; DI-2w cartilage was
fibrillated and the laminar surface lost; DI-4w joints were
marked by regions of partial thickness, non-calcified articular
cartilage loss and more pronounced focal lesions. These
findings suggest that repeated injuries, even when separated
by 4 weeks, have cumulative effects on joint tissue integrity.

ﬂ 2P N el
Figure 1: Sagittal toluidine-blue O sections of the knee. NI: smooth
joint surface. SI: roughened joint surface (red bars). DI-2w:

fibrillated articular cartilage (black arrows). DI-4w: fibrillated
(black arrows) and loss of articular cartilage (red arrow).

Conclusions

In this model there was no increased risk of ligament injury
following repeated mild knee injuries however, cumulative
damage to other joint tissues was evident even when injuries
were separated by longer recovery times (4 vs 2 weeks). Gene
expression and structural pathology findings resemble
indicators of early osteoarthritis which may have implications
for treating patients with idiopathic or accelerated disease.
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Summary

Clinical evidence is often inconclusive to decide whether or
not to revise unicondylar knee arthroplasty. Analysis of post-
operative osteoblastic activity has potential to provide
additional information to clinically corroborate this decision.

Introduction

Although revision rates of unicondylar knee arthroplasty
(UKA) are higher compared to total knee arthroplasty, two-
thirds of UKA revisions are performed without clinical
evidence other than patient reported pain [1]. Furthermore, the
main UKA failure modes leading to revision can be linked to
osteoblastic activity which can be quantified with SPECT-CT
imaging. Such imaging thus has clear potential to further our
understanding of such failures towards reduced revision rates.
Therefore, this study aimed to compare post-operative
osteoblastic activity patterns in the tibia between successful
UKA'’s and UKA’s slated for revision surgery.

Methods

SPECT-CT scans were acquired in 23 patients (Age=61+8
years; BMI=29.2344.71 kg/m?) with well-functioning medial
UKA'’s at two years post-operatively. Additionally, SPECT-
CT scans were also acquired in 10 patients slated for medial
UKA revision surgery (Age=42+25 years; BMI=27.90+4.53
kg/m?). For these 10 patients, the interval time between initial
UKA and scanning was on average 4.91 years (SD: 4.77,
range: 0.96-13.96).

Using validated SCReg platform [2], spatial voxel-to-voxel
correspondences were obtained between all SPECT-CT scans
through a registration scheme. Osteoblastic activity was
normalized according to activity in distal femur. Then, a
statistical map was created by performing a Mann-Whitney U
test on each voxel to compare successful UKA’s and UKA’s
slated for revision. Finally, for each group, an aggregate map
was created by averaging, for each voxel, normalized
osteoblastic activity values over all specimens of the group.

Results and Discussion

Main areas with significantly different normalized
osteoblastic activity (p<0.05) were located on (1) the lateral

tibial plateau, (2) the antero-medial cortex at implant level and
(3) the lateral femoral epicondyle (Figure 1). For all these
regions, increased activity was observed in the UKA’s slated
for revision (Table 1).

Significantly higher normalized activity on the antero-medial
cortex of the tibia was expected as that region is known to be
directly involved in two primary modes of UKA failures, i.e.
tibial loosening and anterior tibial pain. Concerning the
observed differences in the lateral femoral and tibial
compartment, we hypothesize this to be related to lateral
osteoarthritis progression as another common mode of UKA
failure. Finally, the fact that this study cohort included
different UKA designs should be noted as a limitation.

Posterior Anterior

Lateral

Medial

A

Posterior

Anterior FEMUR

Figure 1: Location of voxels significantly different between
successful UKA’s and UKA’s slated for revision in terms of post-
operative normalized osteoblastic activity

Conclusions

Analysis of post-operative normalized osteoblastic activity
using SPECT-CT imaging has diagnostic potential to confirm
or infirm UKA revision surgery by elucidating failure
mechanisms.
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Table 1: Number of voxels significantly different (S.D.) and associated activity in aggregate maps.

Number of Normalized Number of Normalized Ol\illlsmbfélosf]) ac tIi\IOi:mfnhé i(elral
voxels with S.D. | activity in lateral | voxels with S.D. activity in v Xin I;eral . er}rlnoral
in lateral tibial tibial plateau in antero-medial antero-medial femoral epicondyle
plateau (mean=std) tibia tibia (mean+std) epicondyle (meanstd )
Slated for revision 2448 2.46+0.40 3.07+0.75 2.304+0.25
5 452 (1293mmd) 962 (2752mm?)
Successful (7044mm’) 1.50+0.22 1.73+0.50 1.54+0.16
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Summary

Patient satisfaction following total knee arthroplasty relies
heavily on postoperative joint laxity, which is known to be
influenced by intraoperative implant alignment. This
cadaveric study aimed to quantify the influence of such
implant alignment parameters on the postoperative knee laxity
by performing abduction-adduction stress tests on cadaveric
knees. A stepwise multivariate regression analysis indicated
that while valgus laxity was influenced by all considered
component alignment parameters, varus laxity was influenced
only by component alignment in the frontal plane. The impact
of individual alignment parameters on postoperative joint
laxity revealed by this study could inform intraoperative
decisions and related biomechanical outcomes.

Introduction

Postoperative  patient satisfaction and biomechanical
outcomes following total knee arthroplasty (TKA) are heavily
dependent on intraoperative implant positioning [1]. Although
novel techniques (e.g. kinematic alignment) and surgical tools
(e.g. robotic-assisted surgery) specifically target improved
component alignment [2], the influence of alignment
parameters on biomechanical outcomes has not been studied
to satisfactory depths. Therefore, this experimental study
aimed at quantifying the biomechanical impact of several
implant alignment parameters on postoperative joint laxity.

Methods

Computed tomography (CT) was performed on 14 fresh-
frozen cadaveric legs (KU Leuven, Belgium, NHO019 2018-
11-01) in their native condition, and after performing
medially-stabilised TKA (GMK  Sphere, Medacta
International, Castel San Pietro, Switzerland). Specimens
were then mounted on a custom jig whereby the hip was
rigidly fixed while the knee was subjected to abduction-
adduction stress tests at fixed knee flexion angles (0°, 30°,
60°, 90°). Varus-valgus moments of 10 Nm were generated at
the knee by applying controlled tensile loads at the ankle using
a handheld digital dynamometer (Mark-10, Copiague, USA).
A six-camera optical motion capture system (Vicon Motion
Systems, Oxford, UK) was used to track the trajectories of
retroreflective marker clusters attached rigidly to the femur
and tibia, and compute corresponding tibiofemoral kinematics
based on pre-defined anatomical landmarks [3].

3-Matic (Materialise, Leuven, Belgium) was used to measure
specimen-specific implant alignment parameters from the
available CT-data in terms of hip-knee-ankle angle (HKA),
femoral valgus (FV) and tibial varus (TV) in the frontal plane,
and tibial slope (TS) in the sagittal plane. Subsequently, a

OA8

stepwise multivariate regression model with backward
elimination was performed with alignment parameters as
independent variables (input) and joint angles as the
dependent variables (ouput), to quantify the influence of
component alignment on tibiofemoral kinematics during the
varus-valgus stress tests. The Akaike information criterion
(AIC) was used for statistical evaluation of parameter
weighting.

Results and Discussion

Post-operative valgus joint laxity was influenced by all
considered implant alignment parameters (p <0.001), with TS
having the largest impact based on AIC. In contrast, varus
joint laxity was influenced only by FV and TV (p = 0.002),
with the latter having a bigger impact.

Despite standardised intraoperative guidelines for implant
sizing and alignment, often based on patient-specific
instrumentation, surgeons also rely on experience-based
intraoperative evaluation of the joint for subjective deviations
from surgical plans. The impact of resulting individual
alignment parameters on postoperative joint laxity revealed
by this study could further inform such subjective
intraoperative decisions, which would directly impact
biomechanical outcomes following TKA.

HKA FV TV TS
Valgus laxity 0.93 -1.16 0.25 0.45
Varus laxity - -0.2 0.15 -

Table 1: Regression coefficients of various implant alignment
parameters (inputs) for joint angles during varus-valgus laxity tests
(outputs) calculated using stepwise multivariate regression analysis
with backward elimination .

Conclusions

The positioning of implant components influences
postoperative joint laxity following TKA, with certain
alignment parameters more vital than others in terms of
biomechanical impact. This should be especially considered
for intraoperative alterations to patient-specific surgical plans.

Acknowledgments
This study was funded by Medacta International, Castel San
Pietro, Switzerland.

References

[1] Arnholdt J et al. (2020). BMC Musculoskelet Disord, 21:
1-8.

[2] Riviere, C et al. (2017) OTSR, 103: 1047-1056.

[3] Grood ES et al (1983). J Biomech Eng, 105: 136-144.

A39




Dynamic knee loading in the ACL deficient knee

Georgios Giarmatzis %, Christos Kokkotis?, Dimitrios Tsaopoulos?, Konstantinos Moustakas®!
' Visual and Virtual Reality Group, Electrical and Computer Engineering Department, University of Patras, Greece
2 Centre for Research and Technology-Hellas CERTH, IBO Institute, Greece
Email: giorgos.giarmatzis@gmail.com

Summary

The role of ACL on the pressure distribution at the knee
cartilage during walking is still unclear. The current study
showed that loss of ACL changes knee kinetics, resulting in
higher pressure than normal at the medial side. Such findings
shed light on post-traumatic knee loading conditions.

Introduction

Understanding how the anterior cruciate ligament (ACL)
influences the pressure distribution of the knee during daily
activities is crucial for addressing the problem of osteoarthritis
onset and progression. Maximum pressure suffered by the
knee cartilage during dynamic activities is thought to be the
key determinant of local matrix failure [1]. This study aims to
explore inherent dynamics and pressure distributions in the
ACL deficient (ACLd) knee during walking and compare with
the healthy side using knee-specific motion.

Methods

Patient cohort included nine participants who sustained an
ACL rupture. Knee kinematics and kinetics were calculated
during overground walking at self-selected speed for both
healthy and ACLd knees, by means of motion capture and
musculoskeletal modeling [2]. Medial knee contact pressures
were calculated during stance phase for both sides. Muscle
activations and knee kinematics were computed using the
concurrent optimization of muscle activations and kinematics
algorithm [2]. Mean maximum knee contact pressures (max
KCP) were calculated and interpolated to 100 points across
subjects and gait cycles for both healthy and ACLd knee.
Wilcoxon signed rank tests were used to identify significant
differences between the two knees across subjects for peak
maximum KCP, medial vertical force and tibiofemoral
contact area, along with anterior displacement, during the first
and second half of the stance phase.

Results and Discussion

Average curves of medial max KCPs show a double peak
profile for both healthy and ACLd knee (Figure 1). Higher
variability seen in the ACLd knee compared to the healthy
contralateral might indicate a rather highly variable post-

traumatic adaptive strategy for the inflicted side. Max KCPs
in the ACLd knee were statistically higher (Table 1) than
contralateral only during first peak of stance phase. This effect
seems to be the result of higher medial vertical forces and
smaller contact area estimated during the first half of the
stance for the ACLd knee compared to the healthy side. The
latter may be attributed in the excessive anterior translation of
the tibia in respect to femur, leading to less available area for
contact in the medial cartilage cup.

medial_max_pressure
16.0 MPa

—— ACL deficient
— healthy

0 2 40 60 0 100

Figure 1: Knee medial max pressure in the healthy and ACL
deficient knee along the stance phase of walking.

Conclusions

Loss of ACL can trigger gait alterations and lead to
overloading of knee structures, possibly at the expense of
local homeostasis. Larger max KCPs in the ACLd knee found
in this study can be associated to high prevalence of knee
osteoarthritis seen in this patient group. Current findings
provide clinically relevant information regarding the effects
of ACL deficiency on gait parameters.
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Table 1: Maximum values during first (First Peak) and second (Second Peak) half of stance phase. Data are depicted as mean (SD) values.
Asterisks denote statistically significant differences between healthy and ACLd knees for each peak

First Peak Second Peak
Healthy ACLd Healthy ACLd
\Vertical Force (xBW) 1.83 (0.54) | 2.28 (0.42)* | 2.51 (1.42) 1.82 (0.77)
Contact Area (cm?) 3.55(0.44) | 3.19(0.34) | 4.03(0.84) | 3.49(0.48)
Tibiofemoral Anterior translation (mm) 8.79 (1.61) | 31.98 (8.49)* | 9.59 (9.69) | 22.21 (10.75)
7.27(2.01) | 12.3(3.91)* | 8.13(2.6) 8.91 (4.37)
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Summary

In a walking stress test that may be suitable for assessing the
acute mechanoresponse to interventions in patients with knee
OA we observed that specific blood markers for articular
cartilage (i.e. COMP, MMP-3, MMP-9 and resistin)
consistently responded to an ambulatory load stimulus while
other blood markers did not (i.e. MMP-1, C2C, CPII,
C2C/CPIl, PRG-4, ADAMTS-4). The observed
mechanoresponse was exaggerated after load modifying
surgery for COMP but remained unaltered for all other
markers.

Introduction

Ambulatory load plays an important role in the initiation and
progression of knee osteoarthritis (OA) [1]. High tibial
osteotomy (HTO) is a joint preserving surgery aimed at
modifying the load distribution at the knee with the goal of
slowing the rate of knee OA progression. The response of
articular cartilage to ambulatory load can be measured as
acute changes in blood biomarkers of articular cartilage [2].
The aim of this study was to determine if load-induced
changes in blood markers of articular cartilage change after
load modifying surgery in patients with medial compartment
knee OA.

Methods

Seventeen patients with medial compartment knee OA (12
male; median [interquartile range], age: 44 [36-51] years;
body mass: 85.0 [74.0-97.2] kg; height: 1.75 [1.63—1.80] m;
body mass index: 29.4 [24.1-31.1] kg/m?) completed a
walking stress test with blood sampling (30 minutes walking,
5.5 hours sitting) before and 8-months after HTO. Blood
samples were taken after 30 minutes of rest immediately
before (to) and Oh (t1), 0.5h (t2), 1.5h (t3), 3.5h (t4) and 5.5h (ts)
after the walking stress and analyzed using enzyme-linked
immunosorbent assays for cartilage oligomeric matrix protein
(COMP), matrix metalloproteinases (MMP)-1, -3, and -9,
epitope resulting from cleavage of type Il collagen by
collagenases (C2C), type II procollagen (CPII), interleukin
(IL)-6, proteoglycan (PRG)-4, A disintegrin and
metalloproteinase with thrombospondin motifs (ADAMTS)-4
and resistin. We used a non-parametric test (Wilcoxon signed
rank test) that does not rely on assumptions of absence of
outliers and normality of the data (P<0.05).

Results and Discussion

COMP at to and t; (Fig 1) and IL-6 levels at to, t and t; were
higher postoperatively than preoperatively. For all other
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markers and time points, levels did not differ between baseline
and 8-month follow-up. Compared to to levels, COMP and
MMP-3 levels were significantly different at ti, t3, t4 and ts,
and MMP-9 and resistin levels were significantly lower at t3
and ts. Inconsistent mechanoresponses were observed for all
other blood markers. The decreases in COMP from t; to t2, t3,
and ts were significantly greater postoperatively than
preoperatively (P=0.017; P=0.019; P=0.009, respectively; Fig
1). The load-induced changes in all other markers did not
differ between the pre- and postoperative test.
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Fig 1: Box plots of COMP concentrations during the walking stress
test. ®outlier; Tsignificant pre- to postoperative difference;
*significant pre- to postoperative differences in decrease from t;.

Conclusions

COMP was the only blood marker to respond to both the
ambulatory load stimulus and to load modifying surgery
further supporting the relevance of this marker in the context
of knee OA and its treatment. Greater IL-6 levels 8 months
postoperatively (when the osteotomy has completely healed)
are surprising and should be closely monitored as they may
counteract potential benefits of altering the load distribution
at the knee regarding knee OA progression. In a next step, the
relevance of the exaggerated delayed load-induced decrease
in COMP levels but not MMP-3 after HTO regarding future
progression of the disease and its relationship to the
magnitude of ambulatory load must be determined.
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Summary

In vivo knee joint kinematics of healthy subjects during level
walking were compared to three different total knee
arthroplasty geometries using dynamic videofluoroscopy.
While individual tibio-femoral rotations and condylar trans-
lations could be guided by the implant geometry, variability
among the healthy subjects indicates the necessity for
different implant geometries, to address individual needs
while aiming to restore physiological knee joint function.

Introduction

Despite the overall high success rates of total knee
arthroplasty (TKA) surgery, 16-30% of all patients remain
unsatisfied with the outcome, especially during dynamic
functional activities [1]. To better identify the mechanisms
leading to unsatisfactory results, and thus support correct
implant selection in subjects with different limb alignments
towards restoration of natural knee function, it is critical to
understand the underlying kinematic deficits in TKA knees.
Therefore, the aim of this study was to compare in vivo
kinematics of healthy versus TKA subjects throughout
complete cycles of level walking.

Methods

27 healthy subjects with different limb alignment (neutral:
n=12, Hip-Knee-Ankle angle 0.5+1.6°; varus: n=10, HKA
5.7+1.8°; valgus: n=5, HKA -5.6+1.5°) and 30 mechanically
aligned (-3°<HKA<3°) good outcome subjects with a TKA
(GMK Sphere: n=10; GMK PS: n=10; GMK UC: n=10) [2]
were assessed during 5-6 complete cycles of level walking
using dynamic videofluoroscopy [3]. 2D/3D registration of
the videofluoroscopic images was performed using 3D
models of the bones (CT) or the implant components [4,5].
Tibio-femoral rotations, condylar A-P translations as well as
the location of the centre of rotation (CoR) were determined.

Results and Discussion

While only the GMK UC showed a reduced range of
flexion, all three implants exhibited smaller ranges of
abduction/adduction as well as tibial rotation compared to
the healthy subjects (Table 1). The additional constraints of
the implant geometry, especially for the GMK Sphere and
GMK UC, can therefore be assumed to restrict axial
rotation. While the neutral, varus and GMK Sphere subjects,

exhibited less medial than lateral condylar A-P translation
and an overall medial CoR, the valgus, GMK PS and
GMK UC subjects demonstrated equal condylar translation
and a more central CoR (Table 1, Figure 1). However, in all
three alignment groups as well as in the GMK PS and GMK
UC group, inter-subject variability was high, resulting in a
contrary translational behaviour for certain subjects. Despite
these differences, is seems that individual kinematic patterns
can be guided by implant geometry but the necessity for
different implant geometries to address individual functional
needs is also evident.
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Figure 1: Location of the CoR over the complete gait cycle.
Mean + STD over all subjects as well as individual subject means.

Conclusions

These results can provide a first basis to support clinical
decision-making and help to further improve orthopaedic
interventions aiming to restore physiological knee joint
function. However, intra-operative component alignment
remains controversially discussed and further evidence on
component alignment and the desirable level of limb
alignment correction is needed.
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Table 1: Range of motion for all three tibio-femoral rotations and range of A-P translation for the medial and lateral condyle point over
complete cycles of level walking. Mean + SD for each group are presented.

neutral varus valgus GMK Sphere GMK PS GMK UC

tibio-femoral ﬂex/ex 66.1 £3.9 63.3+4.0 63.5+6.4 62.7+4.9 63.5+4.7 572+438
rotations [°] int/ext 155+2.6 13.8+1.6 13.3+£0.8 11.9+42 10.5+1.9 81+25
abd/add 7.0+1.9 57+1.6 7.6+2.3 2.8+0.8 29+0.8 23+0.6

condylar A-P medial condyle 88+1.8 8.6+1.0 9.8+0.8 41+12 12.9+2.8 89+1.6
translation [mm] lateral condyle 10.9+£2.2 9.9+2.1 10.3£3.0 11.4+£4.7 124+£2.2 9.1+£2.0
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Summary

This study investigated the effect of carrying handheld
weights on knee joint loading, in terms of tibiofemoral contact
forces during forward lunge as well as the effect of different
positions to carry the weights. Resultant tibiofemoral contact
forces increased as handheld load increased. No major effect
of position was observed on total knee loading as well as the
medial-lateral load distribution.

Introduction

After musculoskeletal injuries, it is crucial in rehabilitation to
progressively reload the injured structures, avoiding to
overload the damaged tissue yet providing sufficient stimuli
to trigger mechanobiological adaptation processes underlying
restoration of homeostasis. To date, exercises are selected
primarily based on clinical experience rather than scientific
evidence, assuming that when the level of difficulty is
increased, higher loads are imposed on the structures [1].
Therefore, this study investigated the effect of adding
additional handheld weights and different weight carrying
positions during a forward lunge on knee joint loading, in
terms of tibiofemoral contact forces.

Methods

10 healthy subjects performed a forward lunge while carrying
handheld weights (0%, 10%, 20%, 30% of body weight) in 4
different positions (two hands either side of the body, two
hands in front, one hand ipsilateral or contralateral side of the
leading limb). Markers were attached to the body according to
an extended plug-in-gait markerset and 3D motion capture
data was recorded using a 10 camera vicon system (100Hz).
Simultaneously, ground reaction forces were recorded under
the leading limb (1000Hz). The data were processed using the
Catelli model for deep knee flexion and a standard
musculoskeletal modelling workflow in OpenSim 3.3 to
estimate the peak resultant tibiofemoral contact forces of the
leading limb during the weight-acceptance and push-off phase
of the forward lunge [2,3]. The distribution of the vertical
contact force over the medial and lateral compartment was
calculated based on the method proposed by Winby et al.,
(2009) [4]. A two-way analysis of variance (ANOVA) was
used to evaluate the effects of added weights and weight
position on the peak knee contact forces as well as the joint
kinematics and kinetics (external moments) and medial and
lateral contact forces at instance of peak loading.

Results and Discussion

With increasing weight, external joint moments significantly
increased. In addition, with increasing weight lumbar flexion
increased significantly, whereas knee flexion angle was not
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affected by adding weights. Resultant tibiofemoral contact
forces significantly increased with increasing weight (Figure
1). During the different lunge variations, the medial
compartment was loaded more compared to the lateral
compartment.
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Figure 1: Effect of adding weights on peak knee contact forces
during weight-acceptance (solid bars, # indicates significance) and
push-off phase (hatched bars, O indicates significance).

Frontal plane knee moments were affected by weight position,
where a significantly increased knee adduction moment was
observed for the contralateral weight position and a
significantly increased knee abduction moment for the
ipsilateral weight position. However, no significant effect of
weight-carrying position on resultant knee contact force was
observed, nor did it affect the medial-lateral loading
distribution, lateral contact forces were only increased when
carrying the load at the ipsilateral side compared to the
contralateral side in the 10%BW condition (2.97+058BW vs
2.69+0.45BW, respectively).

Conclusions

Resultant tibiofemoral contact forces increased as external
load increased. No major effect of weights position was
observed on total knee loading. However, carrying added
weights had limited effect on load distribution (despite altered
frontal plane joint moments) justifying further investigation in
support of evidence-informed clinical care.

References

[1] Riemann BL et al. (2012). J. Athl Train, 47(4): 372-8.

[2] Catelli DS et al. (2019). Comp. Meth. Biomech. and
Biomed. Eng. 22(1):21-24

[3] Delp SL et al. (2007) [EE Trans. Biomed. Eng. S4(11):
1940-50.

[4] Winby CR et al. (2009) J. Biomech, 42: 2294-2300

A43




High tibial osteotomy effectively redistributes compressive knee loads during walking

Enrico De Pieri'?, Corina Niiesch>**°, Elke Viehweger!>°, Christian Egloff>>°, Annegret Miindermann®>*>
"Laboratory for Movement Analysis, University of Basel Children’s Hospital, Basel, Switzerland; 2Department of Biomedical
Engineering, University of Basel, Basel, Switzerland; *Department of Orthopaedics and Traumatology, “Department of Spine

Surgery, University Hospital Basel, Basel Switzerland; SDepartment of Clinical Research, University of Basel, Basel, Switzerland;
¢ Department of Neuro-Orthopaedics, University of Basel Children’s Hospital, Basel, Switzerland;
Email: enrico.depieri@unibas.ch

Summary

This study analyzed ambulatory knee loads in patients who
underwent high tibial osteotomy (HTO) by means of
musculoskeletal modeling. HTO effectively unloads the
medial knee compartment while increasing the compressive
load on the lateral one.

Introduction

The development of degenerative joint diseases such as knee
osteoarthritis (OA) is often determined by altered joint
mechanics that lead to increased or abnormal intra-articular
forces [1]. Individual variations in ambulatory knee
mechanics can influence the rate of progression of cartilage
degeneration [2]. High tibial osteotomy (HTO) is a well-
accepted surgical procedure for patients with knee OA and
varus alignment aimed at re-establishing a more even
distribution of ambulatory load between the affected medial
and the lateral knee compartment. We hypothesized that HTO
would reduce the knee adduction moment and the medial
compartment compressive force while increasing the
compressive load in the lateral compartment in a cohort of
patients with medial knee OA.

Methods

Twelve patients (mean £1SD, age: 45+9 years) diagnosed
with isolated symptomatic medial compartment knee OA
underwent opening wedge HTO. Kinematic and kinetic data
were recorded using the Plug-In Gait model in 3D gait
analysis sessions before (pre-) surgery as well as 9+3 months
postoperatively. The collected motion capture data was used
as input for an inverse dynamics analysis (AnyBody
Technology, Denmark) to evaluate external knee moments
and knee contact forces. Personalized models were created
from a generic lower-limb model [2], scaled according to
marker data from a static trial. Knee varus/valgus alignment
was estimated from the static trial and implemented as a fixed
change in orientation of the knee joint axis. The distribution
of the compressive knee force across the medial and lateral
compartments was evaluated [4]. Differences between pre-
and postoperative knee adduction moment, as well as total,
medial, and lateral knee compressive forces were evaluated
over the whole gait cycle through statistical parametric
mapping (SPM), with one-tailed paired t-tests (a = 0.05).

Results and Discussion

Modelled mean varus knee alignment in the cohort was
7.243.7° preoperatively and reduced to 1.3+3.2° after HTO. A
statistically significant reduction in the postoperative external

OB1

knee adduction moment was observed during mid and
terminal stance leading to a reduction in the medial
compartment compressive force during mid stance and an
increase in lateral compartment compressive force during
most of the stance phase. The total compressive load through
the knee did not present any statistically significant difference.

External Knee Frontal Moment Total knee compressive force

o o =
@ ® o

o ¢
i
5 4 N @ & o oo

=3
o

abd (-) Moment [Nm/kg] add (+)
o
=
Force [BW]

&
i

Y
N
S
=
S
@
=
@
3
o

20 40 60 80 100

o

20 40 60 80 100 0 20 40 60 80 100
Gait Cycle [%] Gait Cycle [%)]

Medial compartment knee compressive force Lateral compartment knee compressive force

W

20 40 60 80 100 ] 20 40 60 80 100

| |

20 40 60 80 100 0 20 40 60 80 100
Gait Cycle [%] Gait Cycle [%]

tens (-) Force [BW] comp (+)
6 = N & a2 o oo
tens (-) Force [BW] comp (+)
o =2 N w & o @

o

o

= Pre-op — Post-0p

Figure 1: Predicted internal knee adduction moment, and total,
medial, and lateral knee compressive forces in patients before (red)
and after (grey) HTO. Significantly different phases of the gait
cycle are indicated as grey bars below each force component.

Conclusions

HTO effectively unloads the medial knee compartment by
redistributing part of the overall compressive force to the
lateral compartment during gait. The timing of reductions in
compressive force may not always coincide with the timing of
reductions in knee adduction moments suggesting that the
knee frontal moment may not adequately describe ambulatory
load or changes induced by interventions at the compartment
level.
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Summary

A systematic description of variability in the scapular shape
and bone mineral density (BMD) distributions in shoulder
osteoarthritis (OA) can be valuable input for implant design
and surgical intervention, especially in surgically challenging
glenoids with asymmetric posterior erosion. Statistical shape
(SSM) and intensity modeling (SIM) of these patients
identified changes in the posterior and inferior shape of the
glenoid cavity as main shape variations, whereas BMD
variations were identified in all regions of the glenoid cavity,
except for the posterior part of the bone consistently
demonstrating the highest bone density.

Introduction

Shoulder osteoarthritis (OA) occurs in up to 20% of the
population. In Bercik et al.’s classification, B glenoids
comprise 32% of this population. It is characterized by
asymmetric posterior wear of the glenoid and associated with
regional bone density variations, which pose a known
challenge for glenoid component fixation and survival in total
shoulder arthroplasty surgery (TSA). Literature reports that at
a minimum follow-up of 24 months after TSA surgery around
50% of the B glenoids demonstrated evidence of radiological
glenoid component loosening [1]. Therefore, a systematic
description of variations in BMD and morphology within this
specific patient group can serve as valuable information for
categorizing patients in terms of the risk of glenoid component
loosening. The main objective of this study was therefor to
develop a statistical shape and intensity model of the scapula
for patients with B glenoids and describe their principal modes
of variations.

Methods

The training dataset for the pathological SSM and SIM
consisted of 31 CT images from subjects with B glenoids, as
judged by an experienced shoulder surgeon. 3D surface full
scapular models were constructed from the segmented images
in Mimics (Materialise ®, Belgium) after which an open-
source non-rigid registration algorithm was used to obtain
point-to-point correspondences between subjects and a
generic surface template mesh [2]. For developing the SIM,
volumetric registration was performed by elastically
deforming the corresponding generic volumetric template
mesh to each training subject driven by the known
displacements between the surface nodes on the template and
the corresponding surface nodes of each subject, using
Abaqus software (Dassault Systemes Simulia Crop.,
Providence, RILUSA) [3]. Each scapular mesh was then
transformed back into its original CT coordinates and
Hounsfield units (HU) were assigned to each volumetric
mesh’ nodes. Corresponding BMD for each nodes was
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defined using existing mathematical relationships between
HU and BMD [3]. Finally, the SSM and SIM was established
through principal component analysis after which the main
modes of variations in both models were interpreted by
perturbing the mean by £2 standard deviations.

Results and Discussion

The first five modes of the SSM and SIM represent 79.2% and
51.1% of their corresponding variability, respectively. Except
mode 1 of the SSM, primarily describing a uniform scaling of
the scapula, changes in the posterior and inferior shape of the
glenoid cavity were observed in the subsequent four modes.
Based on the SIM of this study, the posterior part of the
glenoid was observed to have the highest average bone density
in B glenoids. This contrasts with the glenoid bone of healthy
subjects where the center of the glenoid typically has the best
bone quality [3]; but is in agreement with previous studies
investigating BMD in large sub-regions of asymmetric
glenoids with OA [4]. Furthermore, the first principal mode
of the SIM (15.6% of variability), described variations in
glenoid BMD in the anterior-inferior region, while the second
mode (13% of variability) primarily described differences in

BMD affecting the other regions (Figure 1).
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Figure 1: Variation in the bone mineral density of the B glenoids.
Conclusions

In B glenoids, higher bone density was found in posterior
region of the glenoid. Nevertheless, important variations in
the other regions should be taken into consideration before
surgical intervention. These findings highlight the potential of
SSM and SIM for assessing variations in shape and bone
quality among pathological subjects.
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Summary

We compared musculoskeletal simulation results from highly
subject-specific models with less sophisticated models. The
impact on gait deviation was evaluated based on root-mean-
square-differences (RMSD) in simulation results between
children with cerebral palsy (CP) and a typically developing
(TD) child. The modelling choice had a minor impact on joint
kinematics and kinetics. Muscle and joint contact forces were
more sensitive to the modelling choice. The impact of
including subject-specific musculoskeletal geometry was
higher than the impact of including electromyography (EMG)
data. Gait deviation was similar between modelling
frameworks.

Introduction

Musculoskeletal simulations can improve clinical-decision
making in children with CP [1]. Typically, linear scaling
methods based on surface markers are used to personalize
generic models to each participant’s anthropometry [2].
Subject-specific musculoskeletal geometry and motor control
is mostly neglected in the models and simulations due to the
tedious process which is required to create highly
personalized models. To assess the impact of these
simplifications, we compared the simulations results from
highly subject-specific models with linearly scaled generic
models.

Methods

Magnetic resonance images (MRI) and gait data of one TD
child and three children with CP were analyzed. For each
participant a generic-linear scaled and MRI-based model were
created based on a previously developed workflow [3].
Musculoskeletal simulations were performed using four
modelling frameworks: 1) Generic-scaled model with static
optimization, 2) Generic-scaled model with an EMG-
informed approach [4], 3) MRI-based model with static
optimization, and 4) MRI-based model with an EMG-
informed approach. Joint kinematics, joint kinetics, muscle
forces and joint contact forces were calculated with OpenSim
[2] and compared between modelling frameworks. The impact
on gait deviation was evaluated based on RMSD in simulation
results between children with CP and a TD child.

Results and Discussion

RMSD in joint kinematics and kinetics between generic-
scaled and MRI-based models were below 5° and 0.15 Nm/kg,
respectively. RMSD over all muscles was below 0.2 body
weight for every participant. Nevertheless, differences of
~200% in maximal individual muscles forces were observed
in some participants (Figure 1). RMSD in joint contact forces
between the different modelling frameworks were up to 2.2
body weight. Comparing the musculoskeletal simulation
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results from the TD child with the results from the children
with CP showed similar RMSD for all modelling frameworks
(Figure 2).
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Figure 2: RMSD in simulation results between our participants
with CP and the TD child. The overall trend was similar across
modelling frameworks.

Conclusions

Overall group effects based on RMSD between CP and TD
children are unlikely affected by the modelling choice,
whereas caution is warranted if simulations are used to
evaluate specific musculoskeletal parameters of an individual.
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Summary

While it is well recognized that the preferred stride frequency
(PSF) in running closely corresponds with minimal energy
consumption, the underlying mechanism is still unclear.
Changes in ankle and knee joint mechanics when altering
stride frequency are likely to affect triceps surae dynamics.
Here, we investigated triceps surae muscle dynamics and
force production in 10 runners while running at five different
stride frequencies using ultrasound imaging (for Soleus, SOL
and Gastrocnemius medialis, GM) and dynamic optimization.
When deviating from PSF both SOL and GM muscles
operated at shorter lengths during ground contact, implying a
reduced force capacity, while average muscle force demand
was increased. Differences were most pronounced at lower
than preferred stride frequencies especially for SOL. Our
results shed new light on the mechanisms that may be at least
partly responsible for the increased energy consumption
observed when deviating from PSF.

Introduction

Self-optimization, i.e. intrinsically adopting kinematics and
kinetics associated with minimal energy consumption, is a
well-known phenomenon in running with stride frequency
often used as a textbook example. While the concept is well
recognized, it is still unclear why a certain stride frequency
corresponds with minimal energy consumption. Yet, previous
research demonstrated that altering stride frequency affects
lower limb kinetics and kinematics [1] presumably affecting
muscle-tendon dynamics and thus possibly altering energy
consumption. One important muscle-tendon unit is the triceps
surae, spanning both the ankle and knee joint, and consuming
25% of the total metabolic energy rate [2]. Here, we
investigated how the triceps surae muscle dynamics and force
production are affected when changing stride frequency.

Methods

10 experienced runners ran on a force measuring treadmill at
12 km/h while adopting five different stride frequencies (PSF;
PSF + 8%; PSF + 12%). During each trial, we measured lower
limb kinematics and kinetics, metabolic energy expenditure
and SOL (N =9) and GM (N = 10) muscle fascicle behavior
through dynamic ultrasound. Next, we used a dynamic
optimization algorithm to individualize triceps surae muscle-
tendon parameters of a musculoskeletal model (including 43
lower limb muscles), using the SOL and GM ultrasound
images [3]. To estimate triceps surae muscle forces, we solved
a new muscle redundancy problem, now including the
individualized muscle-tendon parameters, by minimizing the
muscle activation squared of all 43 lower limb muscles.

Results and Discussion
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Runners consumed the least metabolic energy while running
at PSF. During ground contact, we found significant shorter
fascicle length and greater pennation angle when deviating
from PSF for both muscles (Figure 1). In contrast, fascicle
velocity was not different during mid-stance when muscle
forces were highest. Average muscle force during ground
contact was lower when running at PSF. Post-hoc analyses
revealed significantly lower average force production at PSF
compared to -15% for SOL and +15% for GM.

During running, the triceps surae muscles are operating on the
ascending limb of the force-length relationship [4] and hence
shorter lengths imply reduced force capacity. As our results
also demonstrated increased triceps surae force demand when
deviating from the PSF, muscle activation and subsequently
muscle energy consumption is likely to be increased.
Especially at frequencies lower than PSF, shorter operating
lengths and increased force demand (only for SOL) are most
prominent.
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Figure 1: SOL and GM fascicles lengths throughout ground contact
phase at different stride frequencies.

Conclusions

Our results indicate that increased energy consumption when
deviating from PSF is at least partly the result of both reduced
triceps surae force capacity and increased force demand.

Acknowledgments

WS obtained a PhD fellowship from the Research Foundation
Flanders (11E3919N).

References

[1] Heiderscheit B et al. (2011) Med Sci Sports Exerc, 43:
296-302.

[2] Swinnen W et al. (2019). J Exp Biol, 222: jeb212449.

[3] Delabastita T et al. (2020) Ann Biomed Eng, 25: 722-733.

[4] Bohm S et al (2019) Proc R Soc B, 286: 20192560

A47




Predictive simulations of hemiparetic gait to explore the effects of muscle weakness on walking asymmetry and energetics

Tom J.W. Buurke', Geert Verheyden?, Fried]l De Groote!
'Department of Movement Sciences, KU Leuven, Leuven, Belgium
’Department of Rehabilitation Sciences, KU Leuven, Leuven, Belgium
Email: tom.buurke@kuleuven.be

Summary

We used predictive simulations to explore the effect of
unilateral muscle weakness on step length asymmetry and
metabolic cost of transport. 90% unilateral plantar flexor,
dorsiflexor, and knee flexor weakness, but not knee extensor
or hip flexor/extensor weakness, led to step length asymmetry.
Imposing step length symmetry increased the cost of transport
for all simulations. These results suggest that walking with
asymmetric step lengths after stroke may be more economical
than imposing symmetric step lengths.

Introduction

Post-stroke hemiparetic walking is often characterized by step
length asymmetry, which is associated with an increased
metabolic cost of transport compared to able-bodied walkers.
Research suggests that reducing step length asymmetry may
reduce the cost of transport [1], but the different underlying
impairments in muscle function, motor control, and sensory
function and their interactions complicate investigation of the
relationship between improving step length symmetry and
cost of transport post-stroke [2]. With predictive simulations
based on neuromusculoskeletal models [3], we can study the
isolated effects of different impairments on walking
symmetry and energetics. Here we study the isolated effects
of muscle weakness of the hip, knee, and ankle flexor and
extensor muscle groups on step length asymmetry and cost of
transport. In addition, we impose step length symmetry on the
simulations, to investigate the effect of reducing asymmetry
on the cost of transport in hemiparetic walking.

Methods

We used an existing neuromusculoskeletal model with 31
degrees of freedom and 92 muscles. Gait mechanics and
energetics were predicted by minimizing a multi-objective
cost function containing muscle effort, metabolic cost, and
joint accelerations while imposing gait speed (1.33 m s™!) and
periodicity as described in [3]. First, we performed a control
simulation without weakness. Then, we simulated 90%
unilaterally (left side) reduced maximal isometric force on six
muscle groups (Fig. 1). Second, we added step length
symmetry constraints to the simulations where a substantial
asymmetry (>0.03) occurred in the initial simulation. Third,
we imposed a step length asymmetry constraint on the control
simulation, which matched the largest asymmetry from the
weakness simulations. We compared step length asymmetry
(SLieft — SLright/ SLreft + SLright) and cost of transport (J kg™
m") between simulations.

Results and Discussion

The results (Fig. 1) show a substantial step length asymmetry
with a longer paretic step in the simulations of unilateral
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plantar flexor (0.26) and knee flexor (0.03) weakness and
shorter paretic step in dorsiflexor weakness (-0.06).
Furthermore, we found an increase in the cost of transport in
simulations of unilateral plantar flexor (7.2%), dorsiflexor
(3.6%), and hip flexor weakness (6.4%). When we imposed
step length symmetry upon the plantar flexor, dorsiflexor, and
knee flexor weakness simulations, this led to a further increase
in the cost of transport in all three simulations (resp. 5.9%,
2.1%, 1.1%). Finally, imposed step length asymmetry (0.28)
in the control simulation led to a 6.4% increase in the cost of
the transport.
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Figure 1: A) Step length asymmetry and B) cost of transport
outcomes of predictive simulations of symmetric and asymmetric
walking with weakness of different muscle groups.

Conclusions

Unilateral weakness of the more distal, but not proximal,
muscle groups leads to step length asymmetry. Walking with
asymmetric step lengths after hemiparesis may be more
economical than walking with imposed symmetric step
lengths. Further research is necessary to understand the effect
of muscle weakness on walking stability and the interaction
of muscle weakness with other impairments after stroke.
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Summary

In an interventional study with 12 participants, the
biomechanical effects of a passive trunk supporting
exoskeleton during symmetric lifting tasks were investigated.
Based on biomechanical motion analysis in combination with
inverse dynamics modelling, the exoskeleton supportive
function and the musculoskeletal loadings were determined.
The presented approach aimed to provide comprehensive
insights into the biomechanical effects of an industrial
exoskeleton on the musculo-skeletal system, which could be
applyied in a similar manner to other exoskeleton types and
working tasks.

Introduction

In recent years, more and more exoskeletons were introduced
to the commercial market specifically for use in industrial
workplaces. Although discrete benefits of exoskeletons were
already described in numerous laboratory studies[1], the
actual overall benefit in industrial practice is still largely
unknown. Many studies provided only a very restricted set of
parameters, which limits the biomechanical understanding of
the exoskeleton’s supporting function related to a designated
working task.

The goal of the present study was to establish a fundamental
biomechanical approach for analyzing the supporting effect of
an industrial exoskeleton on the musculo-skeletal loading of
the relevant body region.

Methods

Twelve healthy subjects (8 males, 4 females) volunteered in
the interventional study, in which a passive commercially
available trunk supporting exoskeleton consisting of a rigid
segmented structure (mass = 3.3 kg) was used. Repeated
symmetric lifting tasks (from below knee level to pelvis level)
with weights of 10 and 20 kg were analyzed using a combined
motion capture setup (12 cams Vicon, 2 Kistler force plates,
bilateral lumbar and thoracic erector spinac EMGs). The
support torque characteristic of the exoskeleton was
experimentally determined using a digital force gauge and a
digital inclinometer.

The lumbar moments and the compression forces (L4-L5)
were determined by applying an inverse dynamics model [2,
3]. Repeated measures ANOVAs were conducted for each
output variable of the lifting trials (SPSS V23).

Results and Discussion

During flexion, the supportive torque of the exoskeleton
achieved a maximum of 45 Nm at about 84°. During
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extension, the hysteresis effect reduced the supportive torque
on average of about 50%.

Use of the exoskeleton significantly reduced the maximum
lumbar joint moments by an average of 19% to 20% (10/20
kg). Averaged over the entire lifting phase, significant stress
alleviation effects of 6% to 8% were observed. Similarly, the
maximum lumbar compression forces were significantly
reduced by an average of 17% to 18% (10 /20 kg) (Figure 1).
Averaged over the entire lifting phase, the forces were
significantly reduced by an average of 5% to 7%.

The EMG of the back extensors revealed significant
reductions of peak values by an average of 18% to 27%. In
contrast, mean EMG-values did not change significantly.
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Figure 1: Mean and SD time histories of lumbar compression
forces (x bodyweight) during lifting of a 20 kg weight.

(=3

When using a (passive) exoskeleton, the effective reduction of
the lumbar loads might be less than proposed by the
manufacturer or even compared to other studies [1].

Conclusions

For the biomechanical assessment, a comprehensive approach
is necessary to enlighten the functional interaction of an
exoskeleton with the musculo-skeletal system and sufficient
intermediate parameters have to be provided, making the
assessment transparent. The presented approach may be a
proposal for establishing a standardization in the
biomechanical assessment of industrial exoskeletons.
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Summary

A generalized multiscale constitutive framework is outlined
that specifically accounts for several key features of the
collagenous microstructure. Specifically, the continuous
recruitment of undulated collagen fibrils and their time-
dependent relative sliding are included. Macroscopic tissue
properties are captured for numerous types of loading [1].

Introduction

Soft biological tissues are composed of numerous
extracellular matrix (ECM) proteins. Their complex structural
arrangement and interaction define their macroscopic material
properties. Fibrous collagen is known to be the principal load
bearing ECM constituent. Its hierarchical architecture and
deformation mechanisms that act over multiple length scales,
greatly  determine  observed physical phenomena.
Furthermore, current evidence for various tissue types
suggests that the interlinking of collagen fibrils by
proteoglycans (PG’s) promotes the relative sliding of fibrils
and influences features such as stress relaxation, strain-rate
sensitivity, and the transitioning point of the mechanical
response [2,3].

Methods

A 1D model for a collagen fibril proteoglycan (CFPG)
complex is employed, where overloaded fibrils are considered
to reduce their loading through a time-dependent PG
facilitated sliding. It is assumed that this sliding enables fibrils
to reach a homeostatic target stress that can be inferred from
physiological loading conditions. The sequential straightening
of fibrils is described by a probability distribution, and the
overall response of a collagen fiber is obtained through a
novel integration strategy over all CFPG-complexes. The
fiber model is subsequently numerically integrated over the
unit sphere using spherical t-designs. This well established
framework determines the macroscopic stress contribution of
collagen at the Gauss point level and has been applied to the
description of collagen fiber reinforced soft tissue previously
[4]. Collagen fiber orientation varies greatly between different
tissue types, a feature that greatly determines their overall
mechanical response and function. This methodology readily
accounts for this as it permits the inclusion of appropriate
orientation density functions to characterise the tissue of
interest. Furthermore, the contribution of non collagenous
matrix material is described by a classical isotropic Neo-
Hookean model.

0B2

Collagenous tissue CFPG complex

Collagen
fiber

Protein
core

Collagen

fibril

Proteoglycan <3

Collagen fiber

Figure 1: Hierarchical structural diagram of collagenous soft tissue microstructure.
Collagen fibers are assembled by numerous CFPG-complexes, which consist of a
collagen fibril and interconnecting PG's. PG's themselves are composed of a protein core
and a GAG duplex that allows for a time dependent sliding deformation.

Results and Discussion

The outlined framework was applied to the uniaxial
deformation of the human Calcaneal tendon. A transversely
isotropic collagen fiber distribution was assumed as they are
arranged predominantly along the axis of loading. The model
was able to qualitatively capture nonlinear strain dependent
stress relaxation in tendons, with increased strain leading to
increased rates of relaxation. It was also able to characterize
nonlinear creep phenomena, with significant applied stress
leading to propagating creep failure. Finally, strain rate
stiffening behavior was observed as increased strain rates
inhibit the development of interfibrillar sliding, leading to a
stiffer response.

Conclusions

The discussed constitutive model is informed by soft tissue
histology and the microstructural deformation mechanisms
that characterize the tissues overall mechanical response.
Through accounting for interfibrillar sliding in particular, the
model was able to successfully describe the non linear
viscoelastic behavior of tendons, correlating well with
experimental findings in the literature. The outlined
framework is generally applicable to numerous soft tissue
types and is well suited towards further expansion and the
investigation of collagens role in both tissue failure and
remodeling.
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Summary

A morphology-function model was created to assess the
influence of variability in bony anatomy of the first
carpometacarpal (CMC) joint and the translation of the joint
when there is disruption to the ligaments. Variation in first
metacarpal torsion and articular tilt angles contributed the
most to the variability in first CMC joint translation.

Introduction

The first CMC joint depends on its ligaments to provide
stability. However, it is not clear how the morphology of the
first metacarpal and trapezium works with the ligaments in
maintaining joint stability. Hence, the objective was to use a
morphology-function model to determine the interplay
between the ligaments of the first CMC joint and its bony
morphology in preventing joint subluxation.

Methods

Sixteen specimens (8 males; 52.4+11.7 years, 7 left hands)
were used in this study. Semi-automatic segmentation was
done to computed tomography images of the specimens using
MIMICS (v.17, Materialise, Belgium) to obtain 3D models of
the first metacarpal and trapezium. In-vitro experiment: The
first and second metacarpals, trapezium and trapezoid were
removed from each specimen, taking care not to violate the
first CMC joint capsule. The distal end of the first metacarpal
was fixed in a specimen holder. The trapezium, trapezoid and
proximal end of the second metacarpal were similarly fixed.
An Instron testing machine equipped with a customised jig
was used to apply external loads to the specimen in its neutral
orientation. Each specimen was tested during intact and
ligament sectioned conditions. Four ligaments were
sequentially sectioned — anterior oblique ligament (AOL),
ulnar collateral ligament (UCL), intermetacarpal ligament
(IML) and dorsal radial ligament (DRL). The position of the
joint in its intact state was taken as the baseline. Anatomical
features: The first metacarpal articular tilt and torsion angles
and length and width of the first metacarpal facet on the
trapezium were measured on the 3D model of each of the
specimens (ver. 9, Materialise, Belgium). Principal
component analysis (PCA): The anatomical features and the
translation data of the first CMC joint were used to develop a
morphology-function model. PCA was implemented to
reduce the dimension of the morphology-function model and
highlight the relationship between the ligaments and the
anatomical features in the translations of the first CMC joint.

Results and Discussion

The first principal component indicated that, in all four
directions, the first metacarpal torsion angle (-2.60° (-2SD) to

21.67° (+2SD)) contributed to the magnitude of translation.
As this angle twisted more ulnarly (+2SD), the translations of
the first CMC joint in the direction of loading increased after
the transection of the IML and DRL (Figure 1). The second
principal component indicated that variation in the first
metacarpal articular tilt angle (-4.58° (-2SD) to 9.92° (+2SD))
also contributed to the magnitude of joint translation, for all
four load directions. An increased first metacarpal torsion
angle could enable a better match between the concavity of
the trapezium articulating surface with the convexity of the
first metacarpal articulating surface during opposition. This
would maximise bony stability, preventing subluxation of the
first CMC joint. An increase in the first metacarpal articular
tilt angle could reduce bony stability in the volar region of the
articulating surface of the joint. With this, disruptions in the
ligaments may be more likely to cause first CMC joint
subluxation. Hence, the joint may rely on its convex-concave
articulating surface at the dorsal region to help prevent
subluxation of the joint.
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Figure 1: The translation (mean and + 2 standard deviation) of the
first CMC joint when displaced by load in the VD directions with
variation in the first metacarpal torsion angle obtained in the first

principal component. The colored region shows the region of
subluxation of the joint that resulted from variations in the first
metacarpal torsion angle with the presence of ligament disruption.

Conclusions

This study assessed the interactions between first CMC joint
kinematics and its anatomical features. The morphology of the
first metacarpal, particularly the torsion and articular tilt
angles, was important in maintaining the stability of the first
CMC joint.
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Summary

The loss of a hand can drastically reduce one's quality of life
by decreasing the ability to perform activities of daily living.
A prosthetic arm can help assist in such activities but cost of
production and manual fitting processes limit the use and
prescription of these devices. Moreover, prosthetic devices
still have high rejection rates for various reasons, one of which
is social acceptance. In this research we propose a novel,
digital design process to create a personalized prosthetic hand.
Our proposed fitting paradigm is entirely digital to minimize
the design time and the high cost and dependency of trained
professionals throughout the process, while potentially
achieving a low-cost, tailor-made design that can be
accessible from anywhere on the globe.

Introduction

Although there are many solutions in the field of upper limb
prosthetics, financial resources play a crucial role in
prescription of these devices, especially in children due to
constant growth [1]. The cost of a prosthetic hand ranges from
$3,000 for a body powered prosthesis and up to $100,000 for
a neuro-prosthetic arm [2]. The very high price tag makes
these devices inaccessible to large portions of the population.
In many cases, the price is greatly affected by the time spent
on manually fitting the device. Even when financial barriers
are surpassed, rejection rates of prosthetic devices are
considerably high and are usually related to the following
causes: age of first fitting, lack of social acceptance, weight,
vulnerability of the device and lack of sensory feedback [3].
Not using a prosthesis could lead to degeneration of joints and
muscles, inflammations, and other complications.

Methods

The process, in general, is obtaining user data, then
automatically generating a ready to print CAD model, a circuit

board and a bill of materials based on standard off-the-shelf
parts and finally, assemble all parts together. The last step is
the only manual one in the process but is shortened
significantly by optimizing the previous steps. More
specifically, we collect 2D images of the healthy hand for a
parametrized model of the hand based on a functional skelefon
and a skin to customize appearance thus increasing social
acceptance and sense of ownership. In addition, we collect
depth images of the residual limb for the hand’s socket
parametric design. The last type of user data collected is the
user preferences which determines the user interface, such as
simple body-powered or a motorized hand controlled by
EMG, FMG or other interfaces, and haptic feedback. The
entire process is illustrated in Figure 1.

Results and Discussion

Feedback from prospective users and from healthy subjects
was collected in addition to inputs from professionals in the
field. Based on the inputs received, the pipeline was improved
and future research on each of the blocks will be conducted.
In addition, validation tests for the hands performance and
production were also conducted.

Conclusions

The proposed process and the outcome could potentially help
overcome the above-mentioned difficulties and help push the
prosthetic hands field into the digital design era. The entire
research and final design are shared online for anyone in the
world to use.
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Summary

Maximum voluntary contraction (MVC) plays an important
role in how we interpret electromyographical data. No
protocol exists for finding MVC in forearm muscles though
recommendations are available. This investigates the
uniformity of MVC performance in recommended tasks and
whether variance muscle activity is due to variance in force
generated.

Introduction

Electromyography (EMG) is commonly used to record
muscle activity. To enable inter- or intra-subject comparisons,
measurements of maximum voluntary contraction (MVC) are
used to normalize EMG data. There is no standardised
protocol for obtaining MVCs of muscles of the upper limb. To
create the most efficient protocol, it is important to understand
the relationship between the forces and moments applied by
participants during tasks designed to elicit MVCs. Therefore,
the objective of this study was to quantify EMG signals and
kinetics during a series of isometric tasks to provide a basis
for an efficient and effective protocol to obtain MVCs in
muscles of the forearm.

Methods

Fifteen right-handed participants (10 female, 5 male, 23.67 £
4.5 years old) had nine surface EMG sensors (Delsys, Natick,
MA) placed on their dominant forearm to capture muscle
activity of the flexor carpi radialis (FCR), flexor digitorum
superficialis (FDS), flexor carpi ulnaris (FCU), extensor
digitorum communis (EDC), extensor carpi ulnaris (ECU),
extensor carpi radialis (ECR), pronator teres (PT), biceps and
triceps. Adapting the method from Ngo and Wells [1],
participants performed tasks designed to elicit MVC of each
muscle. These were: pull up, push down, radial pull, ulnar
pull, pull, pronation, finger flexion, finger extension, grip, as
well as two activities of daily living (ADL), which were
turning a key in a lock and pouring a glass of water from a jar.
The ADL tasks provided a baseline measure for expected
muscle activations. A six degree of freedom load cell mounted
to a handle measured the forces and moments applied.

Results and Discussion

The activity that elicited MVC for each muscle varied
between participants (Fig. 1). For example, the MVC for PT
occurred for most participants during the pronation-supination
task, but it occurred during the pull up task and pull down
tasks for two participants. Data from the load cell confirmed
that the directions of the external forces exerted by the hand
were the same for all participants (Fig. 2), indicating that the
participants performed the activities correctly.
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Figure 2:Load cell readings for all 15 participants for the push down
task.

The forces and moments applied to the load suggest
participants used different combinations of muscles to achieve
the same external reaction force at the hand. Physiological
differences may the reason. This agrees with the findings of
Maier et al., who investigated muscle synergies during
precision grip and found that the interindividual variability
was large enough to preclude the creation of a standard
synergistic pattern [2]. They concluded that it was not the
moments involved in the task but the central nervous system
that chooses short-term, flexible synergies to achieve the task.
This could result in participants using different muscles to
achieve the same end task-oriented goal.

Conclusions

These findings indicate that, rather than prescribing a single
activity to obtain the MVC of each muscle, a range of
activities should be used to quantify the MVCs of wrist and
hand extrinsic muscles to account for variations in activation
strategies across the population.
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Summary (150/ 150 word)
The purpose of this study is to clarify the characteristics of

wrist flexion and extension torques in college baseball players.

Bilateral wrists of 50 college baseball players were evaluated.
Throwing and non-throwing side, and hitting and non-hitting
side were defined by the self-report. The players were divided
into pitchers (P) and fielders (F) groups. In each group, the
torques were compared between throwing and non-throwing
side, hitting and non-hitting side. In addition, the wrist torques
were compared between P and F groups for each of throwing
side, non-throwing side, hitting side and non-hitting side. In
group F, wrist extension torque was significantly larger on the
throwing side compared to the non-throwing side. The wrist
torques in F group were significantly larger than the P group
in all conditions. This suggests that hitting requires more wrist
flexion/extension torques than pitching. There were no
significant effects in the throwing and hitting side.

Introduction

To prevent baseball pitching injury, it may be helpful to
measure muscle strength related to the kinetic chain in the
pitching motion. Although the wrist flexion is the end point of
the kinetic chain, there is few knowledges of wrist flexion and
extension torques in the baseball players. The purpose of this
study is to clarify the characteristics of wrist flexion and
extension torques in college baseball players. We
hypothesized that the wrist flexion torque of the pitcher's is
larger on the throwing side than on the non-throwing side, and
is larger in the pitcher than in the fielder.

Methods

Bilateral wrists of 50 college baseball players (age: 18-21, all
male, 24 pitchers and 26 fielders) were evaluated. We
measured the maximum torques of wrist flexion and extension
in the forearm neutral position using a self-designed wrist
torque measuring machine (Three-One Design, Inc., Tsukuba,
Japan) [1]. The throwing and non-throwing side, and the
hitting and non-hitting side were defined by the self-report.
The players were divided into pitchers (P) group and fielders
(F) group. The results were divided into the throwing side or
non-throwing side, and the hitting side or non-hitting side for
group P and F. The wrist torques were compared between the
P and F groups for each of throwing side, non-throwing side,
hitting side and non-hitting side. In each group, the torques
were compared between the throwing and non-throwing side,
and between the hitting and the non-hitting side.

Results and Discussion

In the results of wrist flexion torques, there was no significant
difference between throwing side and non-throwing side, and

hitting side and non-hitting side for both P and F groups. The
measurements of F group were significantly larger than P
group for all comparisons. (Fig.1).
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Figure 1: Results of wrist extension torques.

In the results of wrist extension torques, the throwing side
torque was significantly larger than the non-throwing side in
the F group. There were no significant differences in the
other comparative items within the groups. The wrist
extension torques in the F group were significantly larger
than in the P group for all comparisons. (Fig.2).
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Figure 2: Results of wrist extension torques.

Conclusions

The wrist flexion and extension torque were larger in the
fielders than in the pitchers in college baseball players. Fielder
have more opportunities to hit, and this suggests that the wrist
strength is more important in the hitting than in the pitching.
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Summary

The wrist and finger are biomechanically coupled because of
the hand extrinsic muscles, originating in the forearm. This
coupling also influences the force-generating capabilities of
the muscles crossing it. The goal of this study was to compare
the effect of wrist posture on the grip and muscle force
capabilities of 4 forearm muscles in a prehensile and a non-
prehensile task. The non-prehensile task resulted in less co-
contraction of extensors which modified the interaction
between the force-length relationships of flexor and extensor
muscles.

Introduction

The hand musculoskeletal system is composed of many joints
and more than thirty muscles. The specific configuration of
the hand musculature, including extrinsic muscles originating
in the forearm, results in mechanical couplings between finger
forces and the wrist joint equilibrium [1]. More precisely, it
has been shown that the position of the wrist has a direct
influence on the maximal grip force [2]. This influence seems
to be explained by the interaction of the different force-length
properties of forearm muscles [3]. However, this interaction
could be modified in non-prehensile tasks, like finger
pressing, as the wrist equilibrium constraints results in less
antagonist activation [4]. The objective of this study was to
compare the effect of wrist posture on grip and muscle force
capacities for two different tasks: a finger pressing and a pinch
grip task.

Methods

Nineteen volunteers (9 females, age: 21.7+£2.5 years, hand
length: 18.4£1.0cm) were instructed to exert a maximum
force with their fingers in either a four-finger pressing or a
thumb-index pinch grip configuration and in four different
wrist postures. One posture was freely chosen by the
participants, referred to as a “spontaneous” (S) position. The
other three were imposed on the participants: a neutral (N)
posture (0° of flexion and deviation), a maximal flexion (F)
and a maximal extension (E). The force was recorded by a 6-
axis force gauge (Nano25, ATI, Apex, NC). Simultaneously,
the posture of the wrist and index finger was recorded using a
7-camera motion capture system (Qualysis, Goteborg,
Sweden; 100Hz) tracking fourteen markers.  Surface
electromyographic (EMG) signals of six hand muscles were
also simultaneously acquired (Trigno, Delsys, Natick, MA,
2000Hz).

For each trial, the maximal finger force was calculated as the
mean on a window centered on the finger force peak. On this
same window, joint angles were deduced from average marker
positions and the activation from RMS of the EMG signal
normalized by the maximal RMS. Muscle length and force of
different forearm muscles were computed from joint angles
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and activation using a biomechanical model [3, including a
geometrical model of tendon excursion and muscle force-
length-activation relationships [5].

Figure 1: Photography of the experimental setup.
Results and Discussion

Wrist posture influenced differently the maximal force
exerted in pinch grip and finger pressing. The highest
maximal finger force in pinch grip was observed for the
spontaneous wrist posture, as it has been observed for power
grip [2,3]. This confirms participants spontaneously chose the
wrist posture resulting in optimal flexor and extensors
capabilities [3]. The maximal finger force during pressing task
was less influenced by wrist posture. These different
influences were explained by a change of muscle
coordination, identified by EMG activity. The pressing task
indeed reduced the level of co-contraction of finger and wrist
extensors compared to the pinch grip task. As a result, the
spontaneous posture is more variable. As the activation of
extensors is low, the grip force is primarily influenced by
force-length relationships of flexors which seems to produce
a near-optimal force for a wide range of wrist posture. In this
case, wrist posture might be more related to the participant’s
daily hand use, such as sports or professional activities.

Conclusions

This study showed that wrist posture influences differently the
grip capabilities and the muscle mechanics in non-prehensile
and prehensile tasks. These results could help surgeons in
designing tendon transfers at the wrist or give insight to
ergonomic engineers in optimizing hand-object interfaces.
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Summary

Abnormalities of age-appropriate motor development in in-
fants may be a sign of a progressing motor impairment. This
paper presents a method for objectively assessing the motor
development of infants. It is demonstrated that and how the
motor development of infants with ICP differs from that of
healthy infants.

Introduction

Coordination between perception and action is required to in-
teract with the environment successfully. This training is al-
ready undertaken by very young infants who perform sponta-
neous movements to learn how their body interacts with the
environment. The strategies used by the infants for this pur-
pose change with age. Therefore, investigations of motor de-
velopment during the first month of life will give insight into
the very early progresses made to control action. This infor-
mation becomes even more important when it is reasonably
expected that a newborn infant might develop a movement
disorder due to infantile cerebral palsy (ICP).

In developmental neurology visual observation of spontane-
ous motor activity has turned out to be the most important di-
agnostic criterion. However, objective methods, which allow
the evaluation of spontaneous movement development, are
not available so far. This paper aims to introduce an objective
methodology which allows the quantitative evaluation of the
development of spontaneous motor activity in newborns.

Methods

The introduced methodology is based on the acquisition of
spontaneous movements of the newborns by accelerometry. 4
lightweight accelerometers were attached to the infant's hands
and feet (Figure 1). The unclothed babies lie prone and accel-
eration data are recorded over a 2-minute period.

Figure 1: Acquisition of spontaneous movements of the hands and
feet in newborns.
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To evaluate the spontaneous movements, eight movement pa-
rameters, which have been shown to be sufficient to discrimi-
nate between normal and pathological movement patterns in
infants [1], were extracted from the recorded accelerations.

The spontaneous movements of 24 infants, comprising 16
healthy full-term infants (mean gestational age 39.7 weeks, 11
female, 5 male) and eight pre-term infants (mean gestational
age 28.6 weeks, 3 female, 5 male) with developing infantile
cerebral palsy (ICP), were analyzed around the first, the third
and the fifth months of life.

Results and Discussion

In the healthy group, three of eight parameter values showed
significant changes between the first and the third month of
life; values of two additional parameters changed significantly
between the third and the fifth month of life. Figure 2 demon-
strates with the example of the parameter "Cross-correlation
coefficient of acceleration between left and right foot" how
spontaneous movements in healthy infants change with motor
development. In babies suffering from ICP, most differences
to the healthy group can be found between the first and the
third month of life (Figure 2), a trend which was reflected in
this study in four of eight parameter values.
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Figure 2: Parameter Cross-correlation coefficient of acceleration be-
tween left and right foot. Comparison between healthy subjects and
patients with ICP. (* significant different p < 0.05)

Conclusions

It was possible to provide an objective description of motor
development in healthy newborns. Furthermore, it was shown
that pathologies influence development of motor activity sig-
nificantly. Since the introduced methodology is objective and
quantitative, it is suitable to monitor the development of spon-
taneous motor activity with age.
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Summary

The inter-limb coupling of individuals with transtibial
amputation (TTA) was investigated. The difference in inter-
limb coupling between individuals with TTA and unimpaired
individuals was direction-dependent and weaker in the
anterior-posterior direction for the individuals with TTA.

Introduction

Balance control during upright standing requires the center of
mass to be kept within the base of support whilst maintaining
both the flexibility and stability to perform simultaneous
actions and adjust to external perturbations. In individuals
with permanent alterations to sensory input and to volitional
control of movement due to unilateral foot or limb amputation,
it is crucial to investigate the inter-limb coordination to fully
understand how stable upright standing is controlled [1]. The
aim of the present study was to determine how upright
standing is controlled in individuals with unilateral TTA in
terms of the inter-limb coupling of the center of pressure
dynamics between the limb on the prosthetic side (COPp) and
the intact limb (COP;).

Methods

Twenty-one individuals with TTA (male/female: 17/4; mean +
SD age: 59.7 £+ 15.0 yrs; height: 1.79 + 0.07 m; mass: 100.3 £+
15.6 kg) and 18 unimpaired individuals (male/female: 14/4;
mean = SD age: 54.1 + 16.0 years; height: 1.73 + 0.10 m;
mass: 85.2 + 18.4 kg) completed 90 seconds of upright
standing with each foot on a separate force platform operating
at 600Hz. The COP time series were filtered using a
Daubechies wavelet, downsampled to 100Hz and the initial 15
seconds were removed. The inter-limb coupling was assessed
from the COPp and COP; in terms of 1) the number of
synchronization epochs between the signals (i.e. number of
shifts between stable coordination states), 2) the total duration
of the synchronization (i.e. stability of coordination), 3) the
mean relative phase angle between the signals (i.e.
coordination type) and 4) the deviation phase (i.e.
coordination variability) [2]. A two-way mixed design
ANOVA or Harrison-Kanjo test (for relative phase) with
group and direction as independent factors was applied, Holm-
Sidak post hoc test and level of significance at 5 %.

Results and Discussion

In the anterior-posterior direction, the TTA group had a
significantly higher number of synchronization epochs, lower
total synchronization duration, less in-phase relative phase
angle and a greater deviation phase (Figure 1). No group
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differences were observed in the mediolateral direction. The
altered control of bilateral standing in individuals with TTA
was characterized by more shifts between stable coordination
states, less overall stability, a different coordination pattern
and greater coordination variability compared to unimpaired
individuals. This indicated a weaker inter-limb coupling in the
AP direction for the individuals with TTA.
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Figure 1: Inter-limb coupling characteristics for individuals with
TTA and unimpaired individuals.
Conclusion

The difference in inter-limb coupling between individuals with
TTA and unimpaired individuals was direction dependent and
weaker in the AP direction for the individuals with TTA.
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Summary

The prevention and treatment of age-related movement
impairments, ideally, requires early diagnosis. As the human
movement system has physiological and functional
redundancy, movement limitations do not promptly arise at
the onset of physical decline: humans will compensate. The
aim of this study was to observe (early) compensation during
the sit-to-walk task in relation to neuromuscular capacity and
movement objectives in young and older adults. Participants’
upper- and lower limb strength, nerve conduction, joint sense
acuity, and balance were tested. Moreover, standardized
questionnaires on fear of falling, pain, dizziness, lifestyle,
and frailty were taken. Their kinematics and muscle activity
during sit-to-walk tasks were recorded in an unrestricted
experimental set-up. Key finding was that standing up from a
chair by pushing off with the arms is not strictly a
compensation strategy for a lack of muscular capacity.

Introduction

An important daily life activity is standing up from a seated
position. This movement has been widely studied in
biomechanics, however most studies have imposed
standardizations on protocol, so the possibility of
compensation is restricted [1]. For example, most studies on
sit-to-stand did not permit participants to compensate using
their arms. However, from the onset of age-related physical
decline (mid-twenties) until the point that movement
impairments arise, compensation is part of human movement
strategies. Compensation can therefore be a clinically
relevant early indicator of physical decline. Scientifically
compensation is interesting as it tips the hand on how
humans within the functional redundancy of the
neuromuscular systems select a movement strategy. The aim
of this experimental study was to capture unrestricted
compensation in the sit-to-walk task and relate this to
neuromuscular  capacity and ~movement objectives
(psychological considerations) in young and older adults.

Methods

This study (N=50) comprises 14 young women (YW) (age:
27.145 years), 13 young men (YM) (27.344.3), 12 relatively
healthy older women (EW) (7545.6), 11 relatively healthy
older men (EM) (76.8+£7.2). All participants gave their
informed consent. Participants sat down on an instrumented
chair with instrumented armrests with the seat at
approximately knee height. Participants were asked to stand
up and walk to a table 3m in front of them: 5x at self-
selected speed, 5x at fast speed. Their kinematics (Vicon)
and muscle activity (Delsys EMG) were recorded.
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Additionally, to assess their neuromuscular capacity, we
measured their maximum peak isokinetic joint moments for
the knee, hip, ankle, and elbow on a dynamometer (Cybex),
handgrip strength (Jamar), balance in a standing balance
task, proprioceptive acuity with an ipsilateral matching task
of knee flexion, joint range of motion of the hip and ankle
(Cybex), and nerve conductivity and maximal muscle
excitation with a nerve conduction test. To assess
psychological considerations, a questionnaire reviewed their
(former) profession, levels of activity, diet, general health,
experienced injuries, level of frailty (Edmonton), fear of
falling (FES-I short), hearing, level of Dizziness, hand
dominance (Edinburgh), and pain (visual analogue scale).

For the purpose of this abstract we will focus on the results
of the applied arm strategies.

Results and Discussion

Four arm strategies were observed: standing up without
arms, swinging the arms, pushing off on the knees, and
pushing off on the armrests. Note that all participants could
stand up without arms. There was a distinct result: EM used
an arm push off in 91% of all trials (N=55) at self-selected
speed, and in all trials at fast speed, whereas YM, YW and
EW only pushed off in less than half of all trials. The
hypothesis was that EM had less lower limb joint strength
than the other groups. However, their peak isokinetic
strength corrected by bodyweight did not differ significantly
from YW and was mostly higher than EW for all measures.
Also, no differences were found between the means of the
arm strategy groups with proprioceptive acuity, balance
scores, hand grip strength, muscle excitation, or nerve
conduction. Nor with the anthropometric data (BMI, length,
weight), FES-score (fear of falling), or frailty score. The
only significant difference was that the participants with an
arm push-off had a significant lower hip flexion range of
motion on the dominant side (p<0.05) and a lower ankle
plantar-flexion range of motion on the non-dominant side
(p<0.01).

Conclusions

Standing up from a chair by pushing off with the arms is not
strictly a compensation strategy for a lack of muscular
capacity in older men.
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Summary

Lumbar extensor muscle isometric torque steadiness (TS)
was evaluated in individuals with chronic low back pain
(CLBP) and asymptomatic (AS) age- and gender-matched
controls, during two submaximal torque-matching tasks at
different torque levels. This study is the first to show that
individuals with CLBP fail to increase common fluctuations
in torque and electromyographic (EMG) activity when
exerting higher forces. This finding shows that the CLBP
group were still able to exert the requested amount of torque
likely by utilising compensatory back-extension patterns.

Introduction

The ability of humans to exert steady torque during a
submaximal voluntary contraction is defined as TS.
Generation of smooth torque is essential for physical
function, and the impairment of TS can influence the
precision of voluntary movements. People with CLBP
present with impairments in lumbar extensor muscle force
accuracy compared to AS controls [1]. However, it is
unclear whether people with CLBP also present with higher
deficits in TS compared to AS controls. We investigated 1)
whether individuals with CLBP present with reduced lumbar
extensor muscle TS compared to AS controls, and 2) the
neuromuscular mechanisms underlying reductions in TS by
applying high-density surface EMG (HDsEMG)-torque
coherence with principal component analysis (PCA).

Methods

15 individuals with CLBP and 15 AS controls were included.
Submaximal isometric lumbar extensor TS was measured
with an isokinetic dynamometer during two torque target-
tracking tasks at 20% and 50% of their maximal voluntary
contraction (MVC). HDsEMG signals were acquired from
their lumbar erector spinae (ES) with a 64-electrode grid.
Root mean square (RMS) was determined as an average for
all electrode pairs (59 bipolar). TS was quantified as the
coefficient of variation (CV) of torque. Coherence and cross-
correlation analyses were conducted to quantify the degree of
similarity between the filtered interference HDSEMG and
torque signals for each submaximal contraction. PCA was
used to reduce dimensionality of HDSEMG data, in order to
improve HDSEMG-based torque estimation [2]. Coherence
values were calculated for the & (0-5Hz), a (5-15Hz) and B
(15-30Hz) frequency bands and then they were transformed
to z-scores to allow statistical comparisons.

Results and Discussion

Overall, TS was lower in individuals with CLBP (p=0.029;
Figure 1A). Z-coherence in the & band and cross-correlation
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increased with the increase in torque for the AS controls but
not in the CLBP group (p=0.018, p=0.030; Figure 1B, C).
Coherence in the a and  bands did not differ between groups.
Overall HDSEMG RMS amplitude, the center of ES muscle
activity and co-activation levels did not differ between
groups. As previously postulated, the neural drive to the
muscles in the & band mirrors the common drive to the muscle
in the same bandwidth and is the main determinant for the
control of torque [3]. Additionally, an increase in torque is
commonly accompanied with an increase in & band
coherence, as seen in the AS group. Thus, the TS deficits
observed in the CLBP group could be attributed to the lack of
an increase in common synaptic input, with the increase in
torque. This is also supported by the cross-correlation results,
showing that in the CLBP group, the net increase in torque
was not accompanied by an increase in the contribution of the
ES muscle to the resultant torque fluctuations. Given that both
groups exerted similar amount of torque during the task, the
individuals with CLBP could compensated by activating
synergistic muscles. Interestingly, the RMS amplitude alone
could not explain the differences in TS, but the proposed
coherence analysis enabled us to explain the differences in
TS, showing that HDSEMG can improve the estimation of the
exerted torque, providing a more accurate assessment of
lumbar ES activity than conventional RMS amplitude
calculations.
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Figure 1: Torque CV (A), d-band coherence (B) and cross-
correlation (C) values (mean + SD) of the CLBP group and AS
controls at 20% and 50%MVC respectively (*main effect of
group, #interaction effect: group*torque, [1: post hoc tests).

Conclusions

This study uniquely demonstrates that individuals with
CLBP have reduced TS and fail to increase the common
fluctuations in torque and HDSEMG activity with increasing
torque, likely due to the use of compensatory back extension
patterns during this task.
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Summary

Fragile X Syndrome (FXS) is a genetic condition, mainly
characterized by intellectual disability, musculoskeletal
alterations and behavioral problems. This project aims to
investigate association between abnormal motor control and
altered spectral attributes of electromyography signals in
FXS. Results showed increased instantaneous mean
frequency during gait in Rectus Femoris (RF) and Biceps
Femoris (BF) in FXS children. Furthermore differences in the
percentage of energy allocated in various frequency bands
between analyzed populations were detected.

Introduction

FXS is the leading form of inherited intellectual disability and
autism spectrum disorder, caused by a tri-nucleotide CGG
repeat expansion in the promoter region of the FMR1 gene
[1]. In these subjects, the most frequent musculoskeletal
manifestations include severe flexible flat feet, excessive
laxity of the joints, and possible scoliosis [1], that justifies a
referral for gait analysis evaluation. The aim of the present
study was to identify the relationship between observed
musculoskeletal manifestation and altered motor control in
FXS children. For this purpose surface electromyography
(sEMG) was acquired within standard clinical ambulatory
assessment conditions and its spectral attributes extracted.

Methods

After appropriate informed consent by the parents, 23 FXS
children ((FXSC) mean (£SD) age and BMI respectively of
9,00 (£3,92) years and 18,77 (3,07+) Kg/m2) and 20 controls
((CS) mean (£SD) age of 9,68 (£2,90) years and 21,52
(+4,61) BMI of Kg/m?2), were evaluated at the BiomovLab of
the Department of Information Engineering, and at the
Women and Children Health Department of the University of
Padua. Kinematics and sEMG data were simultaneously
acquired through four synchronized cameras (GoPro Hero3,
30fps) and an 8 channel sEMG system (FreeEmg, BTS,
1000Hz) that collected the activity of Tibialis Anterior (TA),
Gastrocnemius Lateralis (GL), RF and BF. Each subject
performed several gait trials and at least three trials per subject
were processed. The following sEMG parameters were
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extracted: instantaneous mean frequency (IMNF) and
percentage distribution of signal energy in frequency
bands.[2]

Results and Discussion

Results consistently showed the presence of an altered muscle
activity (Fig. 1): FXS displayed increased IMNF values in RF
and BF, decreased percentage of energy in the band between
10-60 Hz and increased percentage in the bands between 50-
400 Hz.
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Figure 1: IMNF of left BF and RF (blue CS and orange FXSC;
mean+SD) during gait cycle and percentage distribution of energy

in the frequency bands of left BF and RF(blue CS and orange
FXSC; mean+SD); (| - significant difference)

Conclusions

Results suggest that FXSC increases their muscle activity
during the gait cycle and also the number of motor units in
low frequencies. This information can help to determine the
degree of improvement in FXSC walking ability.
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Summary

The study included 109 college baseball pitchers and
compared shoulder rotational properties, ball speed, and
maximum external angle during baseball pitching with
pitchers before and after injury and surgery and a healthy
control group. One-way analysis of variance with Tukey
post-hoc tests were performed using SPSS. The shoulder
external rotation during exam and baseball pitching trended
to being greater before surgery compared to those recovered
from surgery, but there was not statistically significance.

Introduction

Baseball pitching is demanding on the shoulder and it is
common for injuries to occur. The relationship of shoulder
range of motion and injury has been studied [1]. A study
showed that increasing ball speed also increased the risk for
injury [2]. Improving performance and reducing injuries are
a focus for both coaches and pitchers.

The purpose of this study is to investigate how elbow and
shoulder injuries and surgeries are related to shoulder
external rotation during exam and baseball pitching. This
connection could allow for correction of baseball mechanics
and reduce the number of injuries. We hypothesize that
injuries and surgeries are not related to shoulder external
rotation during exam and baseball pitching.

Methods

The study included 109 college baseball pitchers (height:
18618 cm and weight: 8519 kg). This study was approved
by an institutional board and all pitchers gave informed
consent. All pitchers were healthy during testing. The
pitchers came into the lab for biomechanical testing and the
self-reported injury questionnaire. The injury questionnaire
reports if the pitcher has had a surgery or injury exclusively.
Additionally, the pitchers were followed annually to
complete the injury questionnaire. The shoulder rotational
test measured the end-point angle (EPA), shoulder rotational
flexibility (SRF), and resistant onset angle (ROA) using a
custom-made wireless device [3] (Figure 1).
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Figure 1: Shoulder rotational test performed during the exam.
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Ten overhead fastball pitching motions were collected at 240
Hz using a motion capture system. Averages of top three
strike pitches for ball speed and shoulder maximum external
rotational (MER) angle were used for comparison. The
surgery and injury groups had surgeries or injuries,
respectively before or after testing. The healthy group had no
reported surgeries or injuries before and after testing. One-
way analysis of variance with Tukey post-hoc tests were
performed using SPSS with an alpha set to 0.05.

Results and Discussion

Ball speed (mph), EPA (deg), SRF (deg/Nm), and MER
(deg) were all greater in those before surgery (post-test)
when compared to those after injury and surgery (pre-test)
(Table 1). Eight subjects were excluded due to both pre-test
and post-test surgeries or injuries.

Table 1: Results Mean£SD for the ball speed (mph), EPA (deg),
SRF (deg/Nm), ROA (deg), and MER (deg).

After After Before | Before

Surgery| Injury Healthy Injury | Surgery P

N 19 16 41 12 13 -
Ball
S 7615 7843 76+4 79+4 79+5 0.14
peed

EPA | 13448 | 138+13 | 137£10 | 140£12 | 1399 | 0.68

SRF |4.0+2.1 | 3.841.6 | 4.5¢1.6 | 3.7£1.0 | 5.4+1.7 | 0.06

ROA | 10512 | 110+12 | 10710 | 111£13 | 102+12 | 0.26

MER | 169+11 | 17312 | 173£10 | 179+13 | 178+12 | 0.12

Findings emphasize that shoulder rotational properties
should be monitored in order to improve performance and
reduce injury during baseball pitching. Future work should
study shoulder rotational properties and injury mechanisms
at the professional level for an extended duration of time.

Conclusions

The pitchers had trended to have greater ball speed, range of
motion, flexibility and maximum external rotation during
baseball pitching before surgery compared to after surgery;
however, there was no significant difference.
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Summary

Whole-body angular momentum (H) and its time derivative,
net external torque (T), in the three spatial directions during
the block phase of the sprint start were investigated. Nine
competitive sprinters performed maximum effort block
starts. A whole-body model was created and H and T
computed from each athlete’s trial with the greatest
normalised average horizontal block power. The greatest
peak block phase components of H and T were found in the
sagittal plane whilst the smallest were found in the
transverse plane. Sprinters generate two angular impulses in
each plane. One during the double push (DP) phase followed
by an opposite directed impulse during the single push (SP)
phase. Regulation of angular impulses could explain segment
motion outside the sagittal plane.

Introduction

From a force application perspective, the block phase in
sprinting is a unique part of the race for several reasons.
These include: initial simultaneous impulses from both feet,
greatest contact time and greatest net external anterior
impulse (i.e. greatest change in velocity) [1,2]. These present
a challenge to the athlete in how to direct these large and
varying external reaction forces in order to maximise
external power whilst generating rapid upper and lower body
segment rotations and rising from a crouched to an extended
position at block exit. However, neither H nor T during the
sprint start have been described in the scientific literature.
Investigating the sprint start using the basic principles
governing whole-body rotation is a basis for understanding
why segment motions take place in the frontal and transverse
planes Therefore, the aim of this study was to investigate
wholebody angular momentum and its time derivative, net
external torque, during the block phase of the sprint start.

Methods

Nine competitive sprinters (8 male, 1 female) performed five
maximum effort block starts. Block forces and three-
dimensional kinematics were recorded throughout the block
phase using a 12-camera (Oqus 4, Qualisys AB,) motion
analysis system (250 Hz). A 15 segment full-body model
was created using Visual3D, (C-Motion Inc.). The trial with
the greatest normalised external block power was used to
compute H and T with respect to the CoM. External torque
was computed by taking the derivative of H with respect to
time. Each athlete started with their left foot on the front
block. To allow comparison between athletes, H and T were
normalised.
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Results and Discussion

The largest peak magnitudes of H and T were found in the
sagittal plane and the smallest were seen in the transverse
plane (Figure 1a). Two angular impulses were generated in
each plane, one during the DP phase followed by an opposite
directed impulse during the SP phase (Figure 1b). The
angular impulses in the transverse and frontal planes during
the DP phase were virtually equal and opposite to their
corresponding angular impulses during the SP phase.
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Figure 1: Ensemble average components of angular momentum
(H) (a) and external torque (T) (b). Positive values indicate a
counter clockwise rotation when viewed from the right side, front
and above. The skeleton images give an illustration of the direction
of the net external force vector(s) with respect to the CoM of the
sprinter in the sagittal plane.

Conclusions

A possible reason for segment motion outside the sagittal
plane is to help regulate the non-sagittal plane angular
impulses to prevent unwanted whole-body rotation.
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Summary

Iliotibial band syndrome (ITBS) is a leading knee overuse
injury that is related to running biomechanics. A total of 192
male runners were recruited, and 179 of them finished the
eight-week running program. Fifteen of them developed ITBS
and comprised the ITBS group, and 15 matched healthy
runners comprised the control group. One force platform and
a motion capture system collected biomechanical data before
and after the intervention. At week 9, the ITBS group
exhibited greater anterior pelvic tilt angle and hip flexion
angle than the control group. They showed increased trunk
inclination angle, whereas the control group demonstrated
lower hip flexion and adduction moments than those at week
0. Decreased hip flexion and adduction angles were gait
adjustment strategies that could be used to avoid ITBS
occurrence. Excessive trunk posture and pelvic activity during
running are also ITBS risk factors.

Introduction

The popularity of running leads to an increased number of
running-related injuries. ITBS is the second most common
running injury, accounts for 1.6%—12% of all running-related
injuries. The exact etiology of ITBS is unclear, but
biomechanics is considered one of the factors [1]. Most of the
previous studies on ITBS were retrospective ones. It was
difficult to elaborate on the pathogenesis. Therefore, we
designed a prospective study to explore the effects of running
biomechanics of male runners on the occurrence of ITBS.

Methods

A total of 192 male runners were recruited, and 179 of them
finished the eight-week running program. They run
approximately 38 Km/week at approximately 3.7 m/s pace.
Fifteen of them developed ITBS, comprised the ITBS group,
and 15 matched healthy runners comprised the control group.
Participants were asked to undergo two gait test trials, before
and after the training. In each trial, all participants were asked
to run on a 90 cm x 1500 cm platform at a velocity of 3.7 +
0.2 m/s. A Kistler force plate with sampling at 1000 Hz was
embedded at the center of the platform to collect ground
reaction force data. An eight-camera motion capture system
(Vicon, Oxford Metrics Ltd., UK) with sampling at 100 Hz
was used to collect kinematic data synchronously (Figure 1).
Group and training effects were examined by two-way
ANOVA with mixed design. The significance level was set at
0.05.
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Results and Discussion

At week 9, the ITBS group (19.2+5.4°) exhibited greater
(p<0.001) anterior pelvic tilt angle than the control group
(11.846.3°), whereas the control group demonstrated lower
hip flexion angle (week 0: 42.8+10.2°, week 9: 32.8+7.2°,
p=0.006), and hip adduction moment (week 0:8.8+2.6Ng/kg,
week 9: 6.4+3.3Ng/kg) than those at week 0.

A\ A A A\

AOCM Forceplate

Ll
R X X ¥
[\ H :‘/ \‘\ / \'u. / 4 \

\ \ \

Figure 1: Laboratory settings

A greater anterior pelvic tilt angle in the ITBS group was
observed than in the control group. This factor that may be
linked to running injuries, such as ITBS. The increased
anterior pelvic tilt may be due to weakness in the core muscles
and the hip flexor musculature's tightness. Excessive pelvic
activity during running is also an ITBS risk factor. The control
group decreased the hip flexion after training to reduce strain
and relieve tension in the Iliotibial band. It could be a gait
adjustment strategy to avoid ITBS occurrence. The control
group exhibited a significant reduction in hip adduction
moment after training. This change may have been created to
reduce the risk of developing ITBS because greater hip
adduction is associated with tension and strain on the ITBS.

Conclusions

Decreasing hip flexion, adduction angle, and abductor
moment may be a reasonable strategy to avoid ITBS. Risk of
ITBS could be reduced by timely gait adjustment. Excessive
trunk inclination and anterior pelvic tilt angles may be risk
factors in the development of ITBS during running.
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Summary

Individuals with anterior cruciate ligament reconstruction
(ACLR) demonstrate aberrant movement patterns associated
with risk of re-injury. Individuals with ACLR also report
persistent pain and symptoms. It is unclear how symptoms
potentially influence lower extremity loading mechanics after
ACLR. Therefore, the purpose of this study was to evaluate
the relationship between symmetry of drop-vertical jump
(DVJ LSI) kinetics and patient reported symptoms 6-months
after ACLR. Symptoms (KOOS-symptoms) and vertical
ground reaction force (vGRF) LSI was related in individuals
with ACLR (AR? = 0.231). A better understanding of how
worse symptoms influence movement patterns post-ACLR is
needed and may clarify an important link between symptom
resolution and risk of re-injury.

Introduction

Individuals with ACLR exhibit aberrant knee joint
biomechanics and loading patterns that increase risk of
secondary ACL injury [1]. Almost 40% of individuals with
ACLR report unacceptable symptoms for several years
following surgery [2]. However, it is unclear how symptoms
potentially influence lower extremity loading mechanics after
ACLR. Therefore, the purpose of this study was to evaluate
the relationship between DVJ LSIs and patient-reported knee
symptoms (KOOS-symptoms) 6-months following ACLR.

Methods

Recreationally active individuals with primary unilateral
ACLR participated in this study. All participants completed
the Knee Osteoarthritis Outcomes Score symptoms (KOOS-
symptoms) subscale at enrollment. Assessment of peak vGRF
and knee extension moment (KEM) were conducted utilizing
three-dimensional motion capture (120 Hz; Vicon Motion
Systems, Ltd., Oxford, UK) and two integrated force
platforms (1200 Hz; Advanced Medical Technology Inc.,
Watertown, USA). Participants were asked to drop off a 30-
cm box and immediately jump upward to attain maximal
height. The box was positioned at a distance Y% participant
height away from the force platform. Peak vGRF and KEM
were extracted, normalized to body weight (BW), and LSIs
were calculated using the following equation:

LSI % = involved limb value x 100%

uninvolved limb value
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Separate linear regression models were developed to evaluate
the association between KOOS-symptoms, and peak DVJ
vGRF and KEM LSIs. Age and time since surgery were
entered as the first step in all regression models. Alpha was
set a priori at 0.025 (0.05/2) to account for multiple
comparisons.

Results and Discussion

Sixteen individuals (age: 18.4+ 3.0 years, 7 male/ 9 female,
BMI: 27.2+ 6.4 kg/m?, time since surgery: 6.3+ 0.5 months,
graft type: 11 HAS/4 BTB/ 1 ALL, pre-injury Tegner activity
score: 9 [5,10]) participated in this study. KOOS-symptoms
(60.48+ 8.60) and vGRF LSI% (73.83+ 18.59) were
associated (Table 1). KOOS-symptoms was not significantly
associated with KEM LSI% (88.07+ 26.42).

Table 1. Regression Models

Model Predictor R AR? P-Value
Variables

Peak vGRF LSI %

1 Age, TSS 0.289 0.289 0.010

2 KOOS- 0.519 0.231 0.034
Symptoms

Peak KEM LSI %

1 Covariates 0.149 0.149 0.351
Age, TSS

2 KOOS- 0.205 0.056 0.414
Symptoms

Table 1. Linear regression models to evaluate the relationship
between KOOS-symptoms and DVJ peak vGRF and KEM
LSI%. TSS= Time since surgery.

Conclusions

Patient symptoms are associated with ACLR limb
underloading 6-months following ACLR. However,
investigation of longitudinal changes in patient symptom
burden and loading patterns in individuals with ACLR is
needed in order to better understand the link between
symptom resolution and risk of secondary injury.
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Summary

Elbow injuries are a major problem in baseball pitching. The
elbow internal varus torque is associated with elbow injuries
in baseball pitching. It can be assumed that the within pitcher
load variability is related to injuries, however, it is unknown
what the pitcher within load variability is. Eleven youth elite
Dutch baseball pitchers threw 25 fastballs. Peak internal varus
torque was calculated and the variability was defined as the
the standard deviation of the 25 throws. The preliminary
results show an indication of differences in within pitcher
elbow varus torque variability between pitchers. Future
research should investigate how this load variability is
distributed over different elbow stabilizers.

Introduction

Baseball pitching exposes the upper extremity to high loads
and is strongly associated with medial elbow injuries [1]. The
most common medial elbow injury in baseball is the Ulnar
Collateral Ligament (UCL) rupture. Inverse dynamics shows
a peak external valgus torque around the elbow during
pitching. This torque forces the forearm to move away from
the upper arm. The UCL is one of the elbow structures that
resist this torque and provide elbow stability but it is only
possible to estimate the UCL load during pitching. Studies
show that UCL injuries and UCL thickness are associated with
internal varus torque [1,2]. Therefore, the internal varus
torque can be used as proxy for UCL load.

It is hypothesized that an increased within pitcher load
variability increases injury risk. It is, however, never
investigated whether there is a difference in load variability
between pitchers. Therefore, the aim of this study is to
investigate whether there is a difference in within pitcher
elbow internal varus torque variability between youth elite
baseball pitchers.

Methods

Eleven youth elite baseball pitchers (age 15 to 23 year) threw
twenty-five fastballs as fast and accurate as possible to the
strike zone center at the regular distance of 18.4m. Body
kinematics were measured in a motion laboratory with a
VICON motion capture system sampled at 400 Hz. Ball speed
was measured with a portable radar gun, positioned next to the
strike zone Peak internal varus torque was calculated by
inverse dynamics for each throw with a custom-made model
in Python. The standard deviation was used to quantify the
within pitcher internal varus torque variability. Gaussian
distribution was calculated to visualize within pitcher load
variability.
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Results and Discussion

Preliminary results of the within pitcher peak internal elbow
varus torque are shown in figure 1. The results show a
difference in de width of the normal distribution between
pitchers. For example, participant 2 (orange line) shows a very
low elbow internal varus torque variability compared to
participant 6 (brown line). Indicating a difference in within
pitcher load variability. The dashed horizontal lines in figure
1 show the mean internal varus torque of each pitcher. Some
pitchers show higher internal varus torques compared to
others, which is in line with the literature [1,2]. Future studies
should investigate how this torque is distributed over different
elbow stabilizers and thus investigate if there is a relation
between internal varus torque variability and UCL load
variability.

Normal distribution of within pitcher elbow internal varus torque
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Figure 1: Normal distribution of the within pitcher elbow internal
varus torque.

Conclusions

It can be concluded, based on the preliminary results, that
there is a difference in peak elbow internal varus torque
magnitude and variability between youth elite baseball
pitchers. However, as this torque can also be resisted by
muscle forces, understanding why some pitchers sustain an
injury and others do not, cannot simply be explained with the
magnitude of the internal varus torque.
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Summary

Palpation error (PE) is increased in deformed adult spines and
relates to the severity of the deformity. Radiograph-based PE
correction results in more accurate marker-based spinal
alignment measurement, primarily in the coronal plane.

Introduction

Measurement of spinal alignment within adult spinal
deformity (ASD) research is currently shifting from mainly
two-dimensional, static radiography, towards three-
dimensional (3D), dynamic assessment, through the use of
marker-based motion analysis. However, information is
lacking on the accuracy of spinal marker placement (i.e.
palpation error), one of the main sources of variability in
kinematic results, and its effect on spinal alignment
estimation, in both healthy and deformed spines.

Methods

20 ASD and 10 control subjects underwent biplanar imaging
with a spinal skin marker model attached. 3D spinous
processes (SP) (T11, T12, L2, L3, L4) and corresponding 3D
marker positions were extracted using custom software. The
optimal marker position was obtained through a circle fitting
method, defining the shortest distance from the respective
spinous process to the skin surface. Palpation error was
defined as the 3D Euclidean distance between the actual and
optimal marker positions. Based hereon, also mediolateral
(ML) and inferosuperior (IS) PE’s were extracted. The 3D
distance between the spinous process and the optimal marker
position was used to quantify SP depth. PE was compared
between ASD and controls and related to radiograph-based
scoliosis and lordosis as well as body morphology (BMI and
SP depth) through Spearman correlation (rs). (Figure 1)

Figure 1. Palpation error calculation and circle fitting
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To assess the effect of PE on marker-based spinal alignment
measurement (lordosis and scoliosis), 10 ASD subjects were
also measured in the motion lab. Lordosis and scoliosis were
calculated by fitting a polynomial through both the
uncorrected and palpation-error corrected marker positions
[1]. The relation between these results and radiograph-based
scoliosis and lordosis was investigated through Spearman
correlation (rs) and root mean square errors (rmse).
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Results and Discussion

Table 1. Palpation error of ASD and control and impact on
spinal curvature estimation using motion analysis

A. Palpation error quantification

ASD Control p-value
3D PEmean (mm) 15.5(9.2) 14.0 (5.8) 0.502
ML PEmean (mm) 6.8 (9.1) 2.5(1.9) 0.002
IS PEmean (mm) 8.1(9.2) 12.4 (6.1) 0.091
Incorrect level 37% 32%
B. Correlation analysis:
Mediolateral PE vs radiography/body morphology
ASD Control
I's p-value I's p-value
Lordosis (°) 0.34 0.141 -0.08 0.829
Scoliosis (°) 0.77 <0.001 N.A.
BMI (kg/m?) -0.08 0.734 0.78 0.008
SP depth (mm) 0.33 0.158 0.66 0.038
C. Spinal curvature estimation Relation to Radiography
1. Lordosis (°) ASD I's p rmse
Radiography 44.4 (41.7)
Uncorrected markers 15.0(26.9) 0.77 0.009 28.7
PE-corrected markers 25.8(27.8) 0.69 0.029 232
2. Scoliosis (°)
Radiography 55.8 (38.2)
Uncorrected markers 11.3(12.5) 044 0.152 443
PE-corrected markers 18.1 (21.5) 0.84 <0.001 327

Median (interquartile ranges) are reported. a=0.05.

Although spinal level identification and inferosuperior
palpation error were not different between deformed and
healthy spines, significantly increased mediolateral palpation
error was observed in ASD. Significant correlation (rs=0.77)
with radiographic scoliosis suggests a substantial
contribution of the deformity itself, possibly due to the
rotatory component of scoliosis, resulting in SP’s directed
towards the concave side of the curve. In contrast, PE in
healthy spines was mainly related to body morphology.
Correcting the marker positions towards their ideal position
resulted in lordosis and scoliosis values, more similar to
radiography (decreased rmse). For scoliosis, also a marked
increase in correlation coefficient with radiography was
observed.

Conclusions

Palpation error is increased in deformed adult spines and
relates to the severity of the deformity. Radiograph-based PE
correction results in more accurate marker-based spinal
alignment measurement, primarily in the coronal plane.
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Summary

To investigate whether “fear of round-back-lifting” is related
to stoop-squat-behavior during object lifting, we developed a
novel lifting style index, applied it to the motion capture data
of 57 healthy pain-free adults and correlated it with scores
from a self-report questionnaire for assessing fear-avoidance
beliefs. The results showed no associations between “fear of
round-back-lifting” and lifting style, indicating that fear-
avoidance beliefs might not directly affect whole body motor
control strategies.

Introduction

Although challenged by recent biomechanical evidence,
many health care professionals still hold the opinion that
lifting with a flexed spine (stoop lifting) is dangerous for the
back and promote lifting with a neutral spine (squat lifting)
as the safer way. In this regard, we previously showed that
individuals with an elevated “fear of round-back-lifting”
appear to reduce lumbar spine flexion during object lifting
[1]. The question remains, however, whether this is related to
lifting style in general (i.e. stoop or squat) or simply
represents a localized motor control alteration.

In this study, we investigate the association between “fear of
round-back-lifting” and lifting style in healthy individuals
using a novel index for quantifying stoop-squat-behavior.

Methods

A cohort of 57 healthy pain-free adults (m/f: 30/27; age:
29.5+7.0 years) participated in this study. After completing
the Photograph Series of Daily Activities-Short electronic
Version (PHODA-SeV) [2], they were equipped with 58
retro-reflective markers [3] and asked to lift up and put down
a Skg-box with their preferred lifting style.

To quantify the lifting style, we developed a novel index, the
Stoop-Squat-Index (StSq), which describes the relationship
between trunk forward lean and lower extremity joint flexion
based on the following formula:
(Vert_H]Cseanding — Vert_HJCgenging ) * 100%)
Vert C7standing — Vert_C7pending

StSq = 100% — <

whereby Vert HJC and Vert C7 represent the vertical
positions of the hip joint center and the C7 marker,
respectively, during standing and bending. Hip joint centers
were thereby established using the Plug-in Gait full-body
model. An index of 100% indicates full stoop lifting and 0%
full squat lifting behavior.

The association between “fear of round-back-lifting” (sub-
score of PHODA-SeV between 0 and 100 (PHODA-Lift))
and StSq over a full lifting cycle was investigated using

F SPINAL MOVEMENT
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OB6

linear regression models, which were implemented by means
of one-dimensional Statistical Parametric Mapping [4].

Results and Discussion

Participants showed a large inter-subject variation of lifting
styles (from almost full stoop to almost full squat lifting
behavior), but no statistically significant associations
between PHODA-Lift and StSq were found (Figure 1).
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Figure 1: Stoop-Squat-Index for lifting up and putting down a Skg-
box and its relation to “fear of round-back-lifting” (PHODA-Lift).

Since this study only focused on lightweight objects, it
remains unclear whether these results also apply for lifting
heavier objects. Future studies might therefore use the newly
introduced StSq to address this issue in more detail. If no
motion capture information is accessible, the StSq might also
be derived from conventional video recordings.

Conclusions

Fear-avoidance beliefs, particularly the “fear of round-back-
lifting”, appears not to be related to the stoop-squat-behavior
during object lifting, indicating that fear-avoidance beliefs
might not directly affect whole body motor control
strategies.
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Summary

Rugby tackling carries with it a high proportion of all
catastrophic cervical spine injuries in the game of rugby. In
the literature, there is still an open debate on the injury
mechanisms related to such injuries, with hyperflexion and
buckling being under scrutiny. The aim of this study was to
simulate the dynamic response of the cervical spine to loading
conditions representative of misdirected rugby tackles
injuries, and it was informed by experimental in vivo and in
vitro data representing realistic rugby tackling conditions.
Results showed that: i) neck flexion at the time of impact had
the largest effect on neck internal loading; ii) the early
generation of high compression, anterior shear and flexion
loads provides additional evidence that hyperflexion is not the
primary injury mechanism during rugby tackles.

Introduction

In the literature, quasi-static and dynamic in vitro cadaveric
experiments have been conducted to investigate cervical spine
injuries during head first impacts [1]. However, from an injury
prevention perspective, such experiments are not often
deemed conclusive as they are highly controlled by nature and
may greatly differ from the real in vivo dynamics of rugby
tackles. Computer simulations have since proven a valuable
method in being able to recreate with high fidelity the internal
and external loading conditions, and can be informed or
driven by in vivo kinematics, kinetics, and electromyography
data. We conducted an in silico investigation, informed and
driven by a combination of in vitro and in vivo data, to
examine the dynamic response of the cervical spine to loading
conditions representative of misdirected rugby tackles.

Methods

One professional academy-level front-row rugby player
(male, 22 years, 1.82 m, 113.7 kg) participated in this study.
Experimental kinematics and neck muscles electromyography
data was during staged rugby tackling trials, whilst external
loading was collected during a set of head first impacts
generated by accelerating a punch-bag against a dummy head.
A subject-specific OpenSim musculoskeletal model [2] was
firstly used in EMG-assisted inverse simulations to estimate
neck muscles activation, and then in forward dynamics
simulation (n=1638) where neck angles (n=117), loading
conditions (n=7), and loading rate (n=2) were changed
iteratively. The effects of initial neck angle and loading
conditions were evaluated by analysing the maximal
compressive loading, anteroposterior shear loading and
flexion bending moment sustained during a 50 ms impact
simulations.
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Results and Discussion

From a tackling technique perspective, neck flexion at the
time of impact had the largest effect on neck internal loading,
and confirmed that compressive loading increases with neck
flexion angle also in rugby tackling (Figure 1).

From an injury mechanism analysis perspective, the early
generation of high compression, anterior shear and flexion
loads provides additional evidence that hyperflexion is not the
primary injury mechanism during rugby tackles.
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Figure 1: Mean and SD values for max compression and shear
forces, and flexion moment of all initial neck angle conditions
plotted against changes in neck flexion/extension angles for cranial
loading conditions. Estimated injury thresholds from the literature
for the entire cervical spine are also presented with horizontal lines.

Conclusions

During misdirected rugby tackles, loading patterns associated
with buckling and anterior facet dislocations are generated
much earlier than when physiological neck flexion ranges are
exceeded. This indicates that the cervical spine injuries
observed in misdirected rugby tackles are not caused by a
hyperflexion mechanism.
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Summary

To avoid repetitive harmful effects of X-ray exposure in
patients with Adolescent Idiopathic Scoliosis (AIS), new non-
invasive approaches have been developed, with the aim to
replace or reduce the need for X-ray imaging, especially in
follow-up and monitoring stages. We recently developed
ScolioSIM1.0, a software tool that produces 3D visualizations
of the patient-specific deformity model and allows evaluation
of AIS in a non-invasive manner. As it enables spatial
visualization of the deformity, numerous geometrical
parameters can be evaluated in all 3 body planes in 2D or 3D.
One parameter of clinical importance is the barycenter (BC)
of the spine, which describes the center point of the surface
that envelops a projected Middle Spinal Alignment (MSA) in
the plane normal to the local spinal axis DM-C7, located at
L5’s lower plate point.

Introduction

Traditional evaluation of AIS still relies on the 2D Cobb angle
as a gold standard, which describes only one specific segment
of the spinal curve in one plane, neglecting the 3D nature and
spatial configuration of the deformity, especially axial
projection of the MSA (Figure 1). In this study, we aim to
determine transversal projections of the MSA and BC of the
human spine using non-invasive optical techniques [1], as
their shape and position can reveal important indicators of the
deformity, as well as help clinicians to qualitatively describe
a patient’s posture [2].

Methods

We performed retrospective analysis of 26 3D optical samples
of AIS patients’ back surfaces using the ScolioSIMI1.0
diagnostic tool (18 females and 8 males; 10.6+1.37 and
11.542.07 years old). For each patient, the BC location and
surface area were calculated, and contour shapes were
considered. Depending on the position of the BC from the
local spinal axis (0,0), deformity may be left or right shifted.
In addition, the BC was used to determine if the subjects’ back
posture deformities were flat (ventral) or sway (dorsal). As
scoliosis is a 3D deformity, the BC was then placed in
different quadrants in order to allow the pathology to be
classified as an anterior shift, posterior shift, right or left
shifted, or combined. Depending on the shape of projected
contour, deformity could be qualified as isophasic (narrow
contour) and anisophasic (rounded) (Figure 1).

Results and Discussion

Analysis of the collected datasets and parameters of BC points
showed that the most dominant type of scoliosis in the
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selected population of patients were right (84.6%) and
posteriorly (57.7%) shifted. As datasets contained AIS
patients only, all projected contours indicated mainly
anisophasic deformities.
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Figure 1: Barycenter points in pathological spines, presented for
both female and male subjects

Conclusions

In many studies and current clinical practice, AIS is mainly
diagnosed based on 2D frontal and sagittal plane parameters.
Axial projection of the MSA is of crucial importance, and can
now be accessed using optical techniques, hence providing
access to the BC. Such approaches can clearly show balance
of the patient and pave the way towards a new non-invasive
3D classification of scoliosis.
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Summary

Previous modelling has suggested that the muscle forces
required to stabilize the lumbar spine are related to its shape.
In this study, we performed subject-specific modelling on a
sample of 41 healthy participants using a simple two-
dimensional model. The predicted muscle forces correlated
significantly with the lumbar lordosis suggesting that muscle
force is subject-specific and related to spinal shape.

Introduction

The muscle forces required to maintain a stable lumbar spine
have been shown to relate to lumbar spine shape [1]. Previous
studies, however, have focused on single or idealized anatomy
which may miss interactions between lumbar shape and other
parameters such as muscle angulation. The aim of our study
was therefore to investigate muscle forces in a sample of
healthy individuals using subject-specific models.

Methods

Models were created using Matlab (R2020a, The MathWorks
Inc.). The model geometry (Figure 1) was defined by the
lumbar vertebrae and sacrum. Body forces (totaling 49 % of
body weight) were distributed across the vertebrae according
to [2]. Muscle forces were applied in directions defined by the
vertebral body centroids and the sacrum.

The magnitude of the muscle forces and internal forces
generated within the spine were determined using
optimization for two cases (Figure 1b). In the 'optimum' case,
the path of the internal forces was constrained to pass as close
as possible to the vertebral body centroids. In the 'minimum’
case the total muscle force was minimized without allowing
the path of the internal forces to lie outside the vertebral
bodies.

Subject-specific model data were derived from magnetic
resonance images. The images were a subset of data from a
study where participants had consented for their data to be
used in subsequent research. The subset comprised 41 healthy
female participants (26 to 46 years) with a body mass of 72 +
13 kg (mean + sd). Lumbar lordosis was calculated as the
angle between the superior endplates of L1 and S1.

(b)

Figure 1: (a) Example model geometry with body forces (pink) and
muscle forces (red) (b) Path of the resulting ‘optimum’ (blue) and
‘minimum’ (green) internal forces generated in the spine.

Results and Discussion

Predicted muscle forces (Table 1) increased from L2 to L5 in
both the optimum and minimum case. Lumbar lordosis ranged
from 37 to 72 degrees. The Spearman correlation between
lordosis angle and muscle force was statistically significant
for all optimum muscle forces and for minimum muscle forces
at L4 and L5 (Table 1). The internal force magnitudes at L4L5
were consistent with measurements of intradiscal pressure
from the literature [3], giving confidence in model validity.

Conclusions

The muscle forces required to maintain the upright lumbar
spine in static equilibrium are subject-specific and are related
to the curvature of the subject’s lumbar spine.
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Table 1: Model results and statistics. Magnitude of muscle force at each vertebral level for the minimum and optimum cases is expressed as the
median [interquartile range]. Correlation is expressed as the Spearman correlation coefficient (statistical significance).

L2 L3 L4 LS
Muscle force, N 7 [22] 59 [33] 160 [57] 927 [343]
Optimum
Correlation with lordosis 0.4 (0.01) 0.5 (<0.001) 0.5 (0.001) 0.4 (0.02)
Muscle force, N 01[0] 0[0] 68 [46] 104 [69]
Minimum
Correlation with lordosis -0.1 (0.5) -0.1(0.7) 0.6 (<0.001) 0.5 (<0.001)
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Summary

Finite element (FE) software ABAQUS and FEBio have
been used to model time-dependent responses of fibril-
reinforced poroelastic and biphasic tissues (FRPE), such as
articular cartilage. However, knee joint models with depth-
wise and split-line collagen fibril orientations have been
simulated only in ABAQUS. Here, we propose a novel
fibril-reinforced biphasic hyperelastic material formulation
in FEBio, implemented in a knee joint model under a gait
cycle loading. Results were compared with a previous
validated FRPE model in ABAQUS. The mechanical outputs
between the models corresponded well through the gait
cycle. To conclude, we suggest using the easily accessible
and free FEBio software to simulate the complex mechanical
behavior of cartilage in the knee joint during gait.

Introduction

FRPE models of articular cartilage capture the mechanical
interactions between tissue constituents (collagen fibrils,
proteoglycans, interstitial fluid) and show how altered
properties of the constituents in osteoarthritis affect tissue
and joint mechanics [l1]. These models have been
implemented in FE software ABAQUS [2,3] and in the free
open-source software FEBio [4,5]. However, FEBio models
with the FRPE formulation of cartilage have not been
generated for patient-specific knee joint geometries to
simulate gait. Furthermore, the important split-lines patterns
in a depth-dependent collagen network have not been
incorporated in FEBio before, as has been done in
ABAQUS. Thus, this study proposes a new material
formulation of knee articular cartilage with a realistic
orientation of collagen fibrils in FEBio. The results from the
knee joint model during walking were then compared to
those obtained from a corresponding model in ABAQUS.

Methods

Figure 1 shows the workflow of the study: (a) knee geometry
generation, (b) optimization of the material parameters in
FEBio, (c) boundary and loading conditions, and (d) result
comparisons. The geometry was generated from MRI data of
a healthy subject, obtained from the Osteoarthritis Initiative.
In FEBio, articular cartilage corresponded to a fibril-
reinforced biphasic hyperelastic material. The depth-wise
collagen network consisted of primary and secondary fibrils
that follow split-lines patterns. We simulated simple cubic
models under tension and confined and unconfined
compression tests to optimize the mechanical parameters in
FEBio based on the FRPE model in ABAQUS. At the joint-
level modeling, a simplified stance phase of gait was
implemented in FEBio and ABAQUS models by applying
time-dependent axial load and flexion angle boundary
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conditions to the rigid-body femur reference point (Figure
1). Finally, mechanical responses of the knee joint cartilage
were compared between software.
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Figure 1: The workflow of the study.

Results and Discussion

Quantitative and qualitative results (Figure 2) show similar
fluid pressures, stresses, reaction forces, and strains between
FEBio and ABAQUS models. Small differences may arise
from the different fibril formulations we used in the models.
The results agreed with previous studies on the effect of
depth-wise orientation of collagen fibrils of cartilage in
FEBio, using simpler geometries [5], and ABAQUS [3],
using knee joint geometries. As FEBio is easier accessible
than ABAQUS and free for researchers, this work
encourages its use in the modeling of knee joint mechanics.
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Figure 2: Mechanical responses in the medial tibial cartilage,
modeled by fibril-reinforced biphasic and poroelastic material
formulations, during simulated gait in FEBio and ABAQUS.

Conclusions

This study presents an approach to generate a 3D fibril-
reinforced biphasic knee joint model in FEBio with realistic
collagen fibril orientations of cartilage. Similar mechanical
responses of cartilage during gait in FEBio and ABAQUS
suggests that easily accessible FEBio can be used in future
applications.
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Summary

Recent developments in atlas-based finite element (FE) knee
joint modeling have drastically reduced construction and
computation time [1, 2]. However, that approach has been
utilized only with magnetic resonance imaging (MRI) and
computed tomography (CT) based imaging modalities.
Radiographs of the knee joint are the most commonly used
for knee osteoarthritis (OA) diagnosis. Hence, a capability to
produce biomechanical knee joint models directly from
radiographs would enable an efficient way to estimate knee
cartilage failure and progression of knee OA. This study
proposes an atlas-based FE modeling framework for an
automatic model generation and simulation of knee joint
cartilage mechanical responses using knee X-ray images.
The developed framework was successfully verified against
the simulation results obtained from MRI-based FE models.

Introduction

Current atlas-based FE models are based on images obtained
through MRI [1] or CT [2]. However, these imaging
modalities are typically available in specialized healthcare
centers and are not standard knee OA diagnostics methods.
However, radiography (planar X-ray imaging) is an
economic diagnostic imaging modality at the primary
healthcare level. Hence, 3-D knee joint model generation
from radiographs would increase the scalability of the FE
modeling — an important factor for clinical use. Thus, this
study aims to develop a radiography-based 3-D knee joint
model generation framework that would be a clinically
feasible method to simulate knee OA progression.

Methods

Previously collected data from 28 patients (aged between 50
and 68 years) were used in the study [3]. In that study, each
patient's knee MRI and X-ray images were acquired using
clinical 3T MRI and X-ray devices, respectively. The X-ray
images based FE modeling followed the previously
developed atlas-based FE model generation method [1]. In
order to generate FE models, the anatomical dimensions of
the distal femur and tibiofemoral joint space widths were
measured similarly from both imaging modalities (Figure
1A). To improve intra-observer reliability, the dimension
measurements were repeated three times for each subject.
Thereafter, the closest knee template to the patient’s knee
dimension measurements was selected from the knee atlas
database (21 templates) and morphed to match the measured
anatomical dimensions (Figure 1B). In total, 84 knee models
for both modalities were constructed. Knee cartilages were
modeled using fibril-reinforced poroviscoelastic material,
and physiologically relevant time-dependent gait loading
(stance phase) was applied to knee models in Abaqus
(v2018) [1]. The model outputs (i.e., average values of
maximum principal stress, strain and fluid pressure of tibial
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cartilage obtained from the tibiofemoral contact area) of
MRI and X-ray-based models were compared using a 1-D
statistical parametric mapping.

Results and Discussion

In terms of the biomechanical responses, X-ray based
approach offered similar outcomes compared with MRI
based approach (Figure 1D). The maximum principal stress
was different in the models in a narrow timeframe between
the midstance and 2nd peak load as well as at the end of the
stance (Figure 1D). The maximum principal strain was
different at the loading response and at the same locations as
the maximum principal stress. The fluid pressure was
different only in a narrow timeframe along the midstance.
These results suggest that to estimate knee cartilage
mechanics and possible failure points, X-ray-based knee
joint models can simulate similar results as MRI-based

models.
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Figure 1: (A, B) Workflow of the atlas-based method for model
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distributions of a single subject in medial tibial cartilage in both X-
ray and MRI-based models. (D) Mean and standard deviation (28
subjects, 84 models for both imaging modalities) of model outputs.
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Conclusions

The presented modeling approach can offer a fast and cost-
effective approach for simulation of biomechanical risks for
the onset and progression of OA that could potentially be
also used at the primary healthcare level.
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Summary

Vibration-induced low Wall Shear Stress (WSS) flow inside
digital arteries may cause arterial growth and remodeling. In
this study, we propose an agent-based model of the WSS-
modulated growth, supposedly induced by an intimal
hyperplasia phenomenon. The modelled mechanisms depend
on the Platelet-derived growth factor BB chain (PDGF-BB)
secreted by endothelial cells (ECs) upon exposure to
vibration. The PDGF-BB concentrations were obtained from
flow experiments on cultured human umbilical vein ECs
(HUVECsS) exposed to a physiological level of WSS = 3 Pa
and a vibration-induced level of WSS = 1 Pa. Results
showed higher PDGF-BB level for WSS =1 Pa. The arterial
lumen narrowed around 50% when simulating a vibration
exposure of 4 hours a day for 5 years (WSS =1 Pa).

Introduction

A chronic exposure to Hand-Arm transmitted Vibration
(HAV) can cause an arterial growth and remodeling inside
digital arteries. In our study, we suppose that the growth is
induced by a WSS-modulated intimal hyperplasia
phenomenon (IH). Studies have shown that an acute
exposure to HAV can decrease the WSS exerted by the
blood on the arterial endothelium [1]. A low WSS can
promote the EC-secretion of certain mitogens and
chemoattractant acting on smooth muscle cells (SMCs), such
as the PDGF-BB [2]. We suppose that this secreted PDGF-
BB, will alter the dynamics of SMCs. On the long term, this
can lead to the development of IH. In this present study, we
propose an agent-based model that describes the SMCs
dynamics inside the arterial wall during physiological state
and for a low WSS resulting from vibration exposure. The
secretion of PDGF-BB for different WSS values was
investigated using in-vitro flow experiments on HUVECs.
The results of the model will allow understanding the effects
of the HAV on the onset of vascular pathologies.

Methods

The agent-based model, implemented in NetLogo®, is based
on biological laws derived from literature on ECs behaviors
when exposed to low WSS. The initial geometry is a normal
muscular artery including the endothelium (ECs) and the
media layer (SMCs and Extracellular Matrix (ECMs)). The
SMCs dynamics were modelled using probabilistic equations
that describe Dbiological mechanisms such as the
proliferation/apoptosis, the  migration and ECMs
synthesis/degradation. Starting from an equilibrium state, the
model was then disturbed by a WSS value resulting from a
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vibration exposure. Our model took into account the acute
cellular changes and simulated the chronic SMCs dynamics.
Experimental data of the PDGF-BB concentrations secreted
by HUVECs when exposed to a low WSS were used as input
parameters for our model.

Results and Discussion

Results of the cellular tests on HUVECs showed that the ECs
secreted almost 50% more PDGF-BB for WSS =1 Pa (27.93
+ 5.14 pg/ml) than for WSS =3 Pa (18.50 = 7.97 pg/ml) (p <
0.05, n = 7). In addition, our model succeeded in simulating
the physiological state, in the absence of vibration and the
arterial growth resulting from vibration exposure (Figure 1).
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Figure 1. Change in lumen area for physiological and vibration
exposure states (average of 5 simulations).

Figure 1 shows a 50% decrease in lumen area upon exposure
to vibration, describing the arterial growth after 5 years of 4
hours exposure per day. We only took into account the
change in ECs-secretion of PDGF-BB when exposed to a
low WSS. However, other mitogens might be released from
the SMCs as well and then modulate their dynamics. Our
model offers the possibility to include more cellular
mechanisms and to study other work conditions with
different exposure times.

Conclusions

We presented an agent-based model of the vibration-induced
intimal hyperplasia, enriched with experimental data. The
model was able to describe the physiological state and
predict the arterial growth resulting from vibration exposure.
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Summary

High tibial osteotomy (HTO) is a surgical procedure to treat
unicompartmental osteoarthritis through correcting the lower
limb alignment. Biomechanical models have been used for
making simulation based decisions on the optimal alignment
correction to achieve during HTO. However, in many models
generated with this aim, the role of soft tissues has been
neglected. Our objective was to investigate the impact that the
connective tissues can have on simulation-based decisions.

Introduction

High tibial osteotomy (HTO) is a common surgical procedure
used to relieve pain and improve joint function in patients with
early-stage unicompartmental osteoarthritis. Its goal is to
reduce the pressure of the damaged knee compartment by
correcting the limb alignment. However, finding the required
correction for each patient is challenging as indicated in the
follow-up studies [1]. To overcome this challenge,
biomechanical numerical simulations have been used, aiming
to find the optimal correction that balances the contact force
between knee compartments [2,3]. To our observation, these
studies tend to oversimplify the problem by neglecting the
impact of HTO on moments produced by the soft tissues. Our
objective is to investigate the importance of realistically
modelling the connective tissues impacted by HTO on the
stress distribution in the cartilages. We propose to study the
role of the superficial Medial Collateral Ligament (MCL) that
is one of the most important soft tissue in this perspective.

Methods

MRI and CT images of a healthy subject were used to
reconstruct the bone and soft tissue geometries through
manual segmentation in Amira software. A model of the
tibiofemoral joint at 25° flexion was generated in the
Artisynth combined FE-multibody platform [4]. Virtual open-
wedge HTO was performed on this model to simulate the
HTO surgery with a 10° wedge opening. The model included
the femoral and tibial cartilages and menisci all modeled with
FE components and meshed with hexahedral dominant
elements. Anterior and posterior cruciate ligaments, MCL
with a deep and superficial layer, lateral collateral ligament,
and the knee anterolateral ligament were modeled with
bundles of nonlinear springs. An axial load along the
mechanical axis of the limb was applied to the tibia at the
center of the ankle while the femur was fully constrained and
the knee flexion angle was fixed.

During HTO model generation, the superficial bundles of
MCL were treated in three different ways: 1) Their length and
tension were affected by wedge opening. 2) Their length and
tension were not affected by wedge opening. 3) The
superficial MCL was released after wedge opening.
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Results and Discussion

Maximal principal stress distribution on tibial cartilages was
observed in models with the three options for representing the
superficial bundles of MCL, as presented in Figure 1. The
results indicate that the approach we take towards modelling
the MCL after HTO can significantly impact the stress
distribution on the tibiofemoral compartments. Assuming that
the insertion of superficial MCL is lower than the HTO cut
and thus wedge opening results in increasing its length and
tension, the maximum principal stress values (medial: -2.29,
lateral: 1.40 MPa) show that the medial cartilage is noticeably
under higher compression compared to the lateral cartilage.
This means that the objective of HTO surgery is not achieved
even after 10° wedge opening in this case. The stress in the
medial cartilage is reduced to 48% of this value assuming that
the superficial MCL is not impacted by surgery. Furthermore,
releasing the superficial MCL reduces the medial stress to
34% of this value. This is while the lateral side experiences
the highest stress values among the three models. As a result,
it seems important to define the approach towards the MCL
attachment/release when generating models of HTO as it can
significantly — impact the stress balance between
compartments.

Max principal stress (MPa)

-25 -219 -1.88 -1.57 -1.26 -0.95 -0.64 -0.33 -0.02 0.29 0.6 MPa
— e ——

e _J

medial: -2.29  lateral: -71A40 dial:-1.10 | 1:-1.95 dial:-0.82 lateral: -2.04
sMCL adapted after HTO sMCL not adapted after HTO sMCL released

Figure 1: Maximum principal stress distribution on the tibial
cartilages after 10° wedge opening.

Conclusions

Our results show that a clear approach towards the MCL in
models of the HTO has to be defined to be able to propose
relevant simulation-based decisions on the optimal lower limb
alignment correction.

Acknowledgments

This work was funded by the Fondation pour la Recherche
Médicale under the project FRM DIC20161236448.

References

[1] Hernigou P et al. (1987). J Bone Jt Surg, 69(3): 332-354.

[2] Martay JL et al. (2018). J.Knee, 25:286-95.

[3] Zheng K et al. (2017). Med Eng Phys, 42:26-34.

[4] Lloyd J.E. et al. (2012). Soft T Biomech M CA Surg,
Springer.

A74




Numerical discretization of trabecular bone based on Voronoi tessellation
Y. Zhou, P. Isaksson, C. Persson
Department of Materials Science and Engineering, Uppsala University, Sweden
Email: yijun.zhou@angstrom.uu.se

Summary

Discrete cellular three-dimensional structures were developed
for numerical simulation of porous materials. The algorithms
are based on Voronoi tessellation techniques and the
morphometrical properties of the final structures are similar to
trabecular human bone. Numerical and experimental
evaluations of the mechanical behaviour of the structures
reveal a reasonable agreement with human bone.

Introduction

The complexity of natural cellular structures, such as
trabecular bone, imposes difficulties when discretizing them
for numerical simulations. Although a good representation of
the microstructure can be achieved with e.g. micro-CT
imaging, it is limited to one specific specimen and does not
permit for a rapid representation of structures from different
sites and ages, which can display large variations in structural
features. In recent years, several porous models have been
proposed [e.g.1,2], however, they are often based on repeated
unit cells, assembled to form a macroscopic homogenized
structure, limiting stochastic features. In this study, a Voronoi
tessellation technique was utilized to numerically discretize
structures with mechanical and topological properties very
close to those of human trabecular bone. The discretized
geometries were numerically analyzed in finite element
structural models and contrasted to compression tests on 3D-
printed structures.

Methods

The basic steps in Voronoi tessellation to numerically
generate a porous structure are well reported in the literature
[e.g.3,4]. In contrast to previous studies, the discretized “core
structure” was herein subdivided and scaled to achieve a
smooth surface and the desired porosity. The discretized
structures were compared to human and rabbit trabecular bone
data to demonstrate the representability. Several numerical
models were implemented in a commercial finite element
software (ABAQUS). To validate the results, 3D-printed
specimens were tested in quasi-static compression with a
material testing machine.

Results and Discussion

One of the most important features of the derived algorithm is
that it combines both open and closed cells. The different
topologies are controlled by the relative porosity - a higher
porosity results in higher connectivity between pores. Another
important feature of the algorithm is that stochasticity is
naturally included in the discretization process. Other
important features, such as porosity, specific bone surface,
trabecular thickness, or trabecular separation can easily be
controlled in the algorithm to represent different types of bone
[e.g.5]. Thus, several structural features of bone can be
included in the algorithm, which demonstrates the universality
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of the model. An example of discretized structures with
roughly 60% porosity compared with a human trabecular bone
is shown in Fig.1.

Figure 1: A part of finite element mesh with 200 randomly
distributed pores (a), and a human trabecular bone (b).

When comparing the finite element models to the mechanical
test results on 3D-printed structures, the stiffness was in
general 25% higher in the finite element models. The main
reasons could be differences in boundary conditions, test
system compliance and defects resulting from the printing not
being captured in the model.

Conclusions

An algorithm based on a Voronoi tessellation technique has
been developed to numerically discretize trabecular bone
tissue having different inherent properties such as relative
porosity, orthotropy, connectivity, specific bone surface, etc.
The mechanical testing shows reasonable agreements between
numerical simulations and experimental results, suggesting
that the discretized geometries may be utilized as test material
for the development of new implants, e.g. in screw attachment
tests.
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Summary

Investigations of balance and postural control in prothesis users
are often based on an implicit assumption that upright stance
can be modelled as a single inverted pendulum. However, the
validity of this assumption been shown to be questionable in
this group. The current study suggests that a model
incorporating the independent function of both the intact and
prosthetic limbs better represents postural control in unilateral
prosthesis users.

Introduction

Previous research has shown that the kinetic validity of the
inverted pendulum model does not reflect the behaviour of the
body during quiet standing for transtibial prosthesis users
(TPU) [1].

The aim of the current study was to develop and to assess the
efficacy of a biomechanical model representing the control of
upright posture in unilateral TPUs, specifically by: (1)
empirically establishing how closely the predicted outcomes of
upright postural control from a theoretical model matched the
measured outcomes from a group of unilateral TPUs and a
group able-bodied individuals with mechanical constraints on
the centre of pressure (CoP); and (2) assessing how closely
matched the measured outcomes of upright postural control
were between a group of unilateral TPUs and a group able-
bodied individuals with mechanical constraints on the centre of
pressure.

Methods

Two groups of participants were recruited (unilateral transtibial
prosthesis users (TPU) (n=8) and controls (CON) (n=8).
Participants stood quietly for 60 seconds on two parallel
forceplates while full-body kinematics and kinetics data were
collected. The CON group stood on a device which constrained
the CoP to a fixed point. (CoP, centre-of-mass (CoM) and
centre-of-mass acceleration (CoMacc) were extracted. Pearson

product-moment correlation coefficients () were calculated for
the CoP-CoM (m) vs. (CoMacc) (m/s2) for each foot and the
resultant CoP in the ML- and AP-direction under three sensory
conditions (eyes-open (EO), eyes-closed (EC), weightbearing
feedback (FB)).

A three-way mixed ANOVA was used to compare mean
coefficient for CoM-CoP distance under each foot/combined
CoP and the CoM acceleration (CoMacc) in the mediolateral and
anteroposterior directions.

Results and Discussion

There was no statistically significant three-way interaction
between Group-Condition-Limb for the AP (F (2.374,
30.858)=2,511, p=.089, partial 1?=.086, £=.593.) or ML (F
(2.016, 26.212)=1.216, p=.313, partial n?>=.086) direction.

There was one two-way interaction effect involving the group
variable in the AP direction (F(1.735, 30.858)=9.400, p=.002)
indicating increased positive correlation coefficients associated
with  the  prosthetic/constrained  limb  factor  vs.
intact/unconstrained and total limb factors, particularly in the
AB group.

Conclusions

For the intact and unconstrained limbs, coupling of CoM
acceleration and CoP were stronger when contrasted against
prosthetic and constrained limbs and suggest that both TPUs
and constrained able-bodied individuals’ postural control
conforms well to that predicted by a unilaterally-constrained
pin-controller model. These effects held independent of visual
manipulation and weight-bearing asymmetry, suggesting that
the proposed model has implications for the fundamental
control of posture in transtibial prosthesis users.
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Table 1: Mean (m) and 95%Cls of the Pearson product-moment correlation coefficient (r) for the CoP-CoM vs. CoMacc on each side
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AP ML

Group INTACT/UNCONSTRAINED ~ PROSTHESIS/CONSTRAINED TOTAL INTACT/UNCONSTRAINED ~ PROSTHESIS/CONSTRAINED TOTAL
EC EO FB EC EO FB EC EO FB EC EO FB EC EO FB EC EO FB
m -0.65 -0.47 -0.45 -0.02 0.05 0.07 -0.56 -0.36 -0.54 0.03 0.06 0.08 0.15 0.16 0.17 -0.73 -0.58 -0.63
TPU 959 ) UPPer -0.84 -0.79 -0.80 -0.26 -0.33 -0.27 -0.81 -0.69 -0.84 -0.09 -0.08 -0.11 0.04 -0.08 0.00 -0.93 -0.83 -0.87
lower  -0.22 0.36 0.47 0.29 0.64 0.57 0.03 0.34 0.36 0.16 0.22 0.32 0.28 0.47 0.36 0.01 0.05 0.06
m -0.72 -0.60 -0.43 0.26 0.22 0.13 -0.82 -0.72 -0.71 0.07 0.06 0.11 0.13 0.10 0.20 -0.45 -0.31 -0.43
AB 959 ) UPPer -0.88 -0.82 -0.62 0.18 0.11 0.04 -0.93 -0.91 -0.86 -0.03 0.02 0.00 0.04 0.04 0.12 -0.72 -0.62 -0.62
lower  -0.33 -0.09 -0.16 0.35 0.36 0.24 -0.48 -0.14 -0.37 0.18 0.10 0.23 0.23 0.16 0.29 0.08 0.26 -0.15
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Summary

In the optimization of a specific follower load (FL) path,
usually only intervertebral rotations are minimized. In this
study, we investigate the sensitivity of mechanical responses
of a lumbosacral spine when including facet joint contact
forces in the optimizations of FL paths. This consideration of
load distributions results in substantial variations in FL paths
and lumbosacral mechanical responses.

Introduction

Intervertebral disks and facet joints (FJ) of the lordotic
lumbosacral spine (LSS) share compressive load in upright
standing position [1]. Changes in their load sharing (LS) are
associated with early degeneration and pain [2]. When
modeling a LSS without muscles, a follower load (FL) is
used to account for the axial compressive load from standing
upright [3]. In the optimization of a specific FL path,
however, usually only intervertebral rotations (IVR) are
minimized [4]. FJ contact forces are excluded which omits
possible effects of LS. We assume that this additional
criterion has an impact on the FL path and mechanical
responses of a LSS model. In this study, we investigate these
effects and address the question of whether LS should be
considered in future FL path optimizations.

Methods

We use a calibrated and validated passive hybrid model [5]
of the ligamentous LSS built in ArtiSynth [6]. The LSS
model consists of L1-S1 rigid vertebrae interconnected with
fiber-reinforced finite element disks, ligaments, and
idealized frictionless FJ with an initial gap width of 0.5 mm.
Two sagittal symmetric tension-only cables implement the
FL which is set to 600 N. The cables run through via-points
attached to each vertebra. During optimization, via-point
positions are automatically varied in a corridor (Figure 1B)
starting at the approximate sidewards centers of the vertebral
bodies. In vivo estimations of FJ contact forces vary widely
and may be influenced by the lumbar level or IVR [1].
Therefore, we compare the results of four different cases of
objective functions used to optimize the FL path. They are
minimized in MatLab® by PatternSearch with global search
settings. Weighted objectives are the summarized absolute
IVR and the targeted FJ forces as percentage of LS. The
functions differ in the percentage of LS and in the lumbar
levels for which the objectives are minimized: (1) minimize
(min.) IVR; (2) min. IVR and 0% LS; (3) min. IVR (L1-L3)
and 2% LS (L4-S1); (4) min. IVR (L1-L3) and 4% LS (L4-
S1). For downstream LSS deflections, vertebra L1 is
additionally loaded with £7.5 Nm in all principal directions.
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Results and Discussion

Optimizations converge after 531-706 function evaluations.
Calculated displacements (mean + SD) of the via points from
the geometric centers in mm are -0.25+1.80, -0.22+2.05,
-1.04+1.03, and -1.434£2.54. IVR with FL are 0.00° in (1)
and 0.11£0.169° in (2). IVR is maximal in (4) for L5 with
4.15°. Minimized IVR in (1) cause a FJ contact in L4/5
(5.2% LS). Lordosis and ROM of vertebra L1 (0.39°, 0.02°,
2.36°, and 3.44°) correlate with the mean FJ forces, which
are lowest in (2) with 0.02+0.03 N. Less the L1 ROM due to
the FL, L1 ROM in flexion is maximal in (2) with 22.53°
and min. in (4) with 20.37°. However, mean FJ force in
extension is 105.31+77.84 N in (1), highest in (2) with
112.2+66.78 N and lowest in (4) with 102.9£76.25 N.
Coupled motion in axial rotation are altered by up to 4.5°.
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Figure 1: (A) LSS in extension for (1) plus the initial FL cable. (B)
Vertebral body centers (O) and via point positions in sagittal plane.

Conclusions

Consideration of LS in FL optimization results in varying
mechanical responses and FL paths. For better comparability
of biomechanical data, even small LS (<5%) due to FL
should be discussed. Furthermore, influences of deviating
anatomies, such as lordosis angle and facet joints, should be
investigated in the future. Moreover, our study illustrates the
sensitivity of LSS models to the defined boundary
conditions, which will be particularly relevant in the context
of a hybrid model extension with active skeletal muscles.
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Summary

Little is known about how older persons balance during stand-
to-sit transitions even though this poses a higher risk for falls
than walking. Compared to the young, we found older adults
to be more statically balanced during both sit-down and stand-
up. During sit-down, younger adults were unstable and fell into
the chair. In contrast, older adults remained dynamically
balanced but positioned more forward. This poses a risk for
falling that could be addressed during fall training.

Introduction

The ability to get up from a chair is degraded in over 60% of
long-term care residents, posing a risk of falling and affecting
their independence [1]. To enable the assessment of balance
during sit transitions, we recently presented an analysis of
static versus dynamic balance, expressed relative to the
person’s base-of-support and using the foot-placement-
estimator, thus taking into account the considerable linear and
angular momenta during these movements [4]. Using this
analysis, we found that older adults stay closer to being
statically balanced than younger adults during stand-up.

Since nearly as many falls occur during stand-down [2,3], here
we present the first analysis of the balance of younger and
older adults during stand-to-sit.

Methods

Eight older adults (79+8 yrs; Short Physical Performance
Battery 7-12 score) and 9 younger adults (28+5 yrs) stood up
and sat down 5 consecutive times at comfortable speed with 2s
rest in between. Full body motion capture and ground reaction
force data were collected. Analyses focused on seat-on and
seat-off, based on a >1N change in force measured under the
stool (adjusted to knee-height), given the typically high
velocities and instabilities at these moments.

Both static and dynamic balance were analyzed using the
person’s base-of-support (BOS), center-of-mass-ground-
projection (COMgp, IOR model Visual3D), center-of-pressure
(COP), and the model-based foot-placement-estimator (FPE).
The BOS was defined as the convex hull enclosing the area
people could move the COP around in during flat foot standing
[4]. A 2-factor mixed-model ANOVA (age vs. motion) was
performed using SPSS.

Results and Discussion

Both age groups took more time to sit down compared to
standing up (psir<0.001), but the older adults more so
(Pinter=0.02; AY = 0.47+0.39s; AO = 1.61£1.25s).
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Being more conservatively statically balanced was defined as
the COMgp further within the BOS and closer to the COP, with
lower COM speed. All 3 metrics indicated that older adults
were more conservatively statically balanced compared to
young, similarly during both tasks except for an even lower
COM speed in older adults during sit-down (Figure 1A&B).

Being more conservatively dynamically balanced was defined
as the FPE further within the BOS (larger dynamic balance
margin); if the FPE is outside the BOS the person will need to
take a step, or be caught by a chair, to prevent a fall. Both age
groups were less dynamically balanced during sit-down
compared to stand-up, with the younger adults becoming
unstable (FPE far outside BOS; Figure 1C) and effectively
falling onto the stool.
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Figure 1: Static balance metrics and dynamic balance margin, with
BOS hull and markers (A) in gray. Age effect, effect of sit vs. stand
(Packe) and interaction effect (Pinter) are given (p<0.05 significant).

Discussion

We showed that the balance dynamics between sit-down and
stand-up motions are differently affected by age. While older
adults sit down slower and more statically, younger adults fall
into the chair. Paradoxically, the cautious approach of older
adults might place them at a higher fall risk by leaning too far
forward. Further research aims to relate balance in more frail
older adults to typical falls seen in long-term care residents.
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Summary

The idea of interpreting our foot as a simple connection to the
ground during balancing is underrepresenting the foot’s
complexity and importance for posture [1,2,3]. Evolutional
studies pinpointed the complexity of the foot and determined
the medial longitudinal arch as a particularly unique part of
human feet compared to the animal kingdom [1]. In this study,
three-dimensional balance analysis with a multi-segment foot
model showed that the segments midfoot and medial forefoot
present extraordinary high movement activity during different
balancing tasks. In contrast, rearfoot movements were much
less. Hence, the role of mid- and forefoot in balancing should
be reconsidered. Moreover, these findings suggest a re-
evaluation of the so-called hip and ankle balance strategy. The
insights may benefit rehabilitation.

Introduction

One of the common balance theories states that balancing is
mostly managed by two joints: the hip and ankle [2].
Equivalently, in many biomechanical models, the human foot
(26 bones, 20 muscles) is represented as one single segment
[2,3]. But is this an accurate representation? Few approaches
have been made to represent the foot’s structures by multi-
segment kinematic foot models [4]. Using such a model,
assessing balance may reveal those foot segments, which
influence balance abilities most. Such novel insights could be
used to adjust rehabilitation approaches after, e.g., an ankle
sprain. This study analyses the motion of the 6 foot segments
from the Gent Foot Model (GFM) during balance tasks [4].
Additionally, so-called ankle joint motion was assessed using
a 1-segment foot. The hypothesis is that not the rearfoot-tibia
joint of GFM or the ankle joint present the highest amount of
motion, but the midfoot and medial forefoot.

Methods

17 healthy subjects (Mage= 24 year, SD + 5) have been
equipped with 21 infrared retro-reflective markers on the right
foot [4]. Three balancing tasks were recorded using a 3-
dimensional movement analysis system: two-limb stance,
one-limb stance and one-limb stance with eyes closed. All
tasks were performed for 60 seconds and repeated twice. The
GFM’s 6 segment angles, as well as the ankle joint angle
(assuming the foot is one segment), were assessed in 3
dimensions. Cumulative ROM (cumROM) was calculated for
each trial to derive the amount of movement over time (Figure
1). A linear mixed model was used to compare joint motion in
all tasks for each joint and dimension.

Results and Discussion

The midfoot-medial forefoot joint is more active in
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comparison to the rearfoot-tibia joint or the ankle joint,
which difference further increases with increasing task
difficulty (Figure 1). Task difficulty significantly predicted
the joint’s cumROM, F(10, 491) = 3.7, p<0.001. When
incorporating all 3 dimensions, significant changes
remained, F(20,1324) = 5.94, p<0.001. The findings suggest
that representing the foot by one rigid segment overestimates
the role of the so-called ankle joint, and is not able to
represent the role of the mid- and forefoot.
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Figure 1: CumROM values with SD of two-limb (2_limb), one-
limb (1_limb) and one-limb stance with eyes closed (1_limb_eyecl)
of the ankle (Ankle), rearfoot-tibia (RF_T) and medial forefoot-
midfoot (MFF_MF) joint on the sagittal and frontal plane.

Conclusions

New knowledge about the importance of the foot’s segments
motion while balancing provides an opportunity to redefine
training interventions to increase balance abilities. Further,
the assumption that the mid- and medial forefoot are of
special importance can be confirmed. This can foster a
different view on the foot and its influence on the body,
which it is carrying.
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Summary

With the aim of early detection of dementia, a comprehensive
assessment system with virtual reality (VR) technology was
developed to measure posture and saccades simultaneously.
Construct validity was evaluated with 14 healthy older adults
(OA). We measured postural sway speed and saccade latency,
provoking movements of posture and eyes with VR. Visual
stimuli significantly affected on posture if saccade task was
absent (P=.01, effect size (ES) = .66), and on saccade latency
(P>.002, ES<.78).

Introduction

OA prone to mild cognitive impairment (MCI) can express
dysfunction in posture and saccadic eye movement compared
with healthy OA [1, 2]. Vestibular impairment is prevalent
amongst people with MCI and is associated with poorer
spatial cognitive skills [3]. Concurrent assessment of posture
and saccades, provoking vestibular deficits, could broaden our
understandings of mechanisms underlying MCI. Following
prior studies, we integrated eye-trackers with our VR-based
stabilometer and assess the validity of our construct in healthy
OA [4]. We hypothesised that VR visual stimuli would more
affect postural sway and cause longer saccade movement
generation reaction times.

Methods

14 healthy OA (7 men / 7 women, mean age 71.9 + 4.6 years)
participated. We screened all participants using the Montreal
Cognitive Assessment (MoCA). We measured postural sway
and eye movement simultaneously with a newly developed
VR-based stabilometer (GP-5000, ANIMA Corp. & VIVE
Pro Eye VR headset, HTC Corp.), recording centre of pressure
and gaze direction under 11 test conditions (eyes-open and -
closed without VR; gaze, pro- and anti-saccade tests in 3 VR
environments: black background (2D), non-oscillating stripes
(NonOSC), oscillating stripes (OSC) in anterior-posterior
(AP) direction. We started with non-VR tests and then
randomised the other tests. Participants wore the VR headset
while standing on the stabilometer with their feet at
comfortable position. We measured both eye movements and
posture for 60 seconds with 30 saccade trials per condition.
We evaluated the effects of 1) visual stimuli by VR and 2)
saccade types on postural sway speed and saccade latency by
comparing the parameters between the test conditions.

Results and Discussion

The participants achieved MoCA scores of 27.5 £ 1.6. We
compared saccade latency between 2D and the other VR
environments, and postural sway speed between 2D Gaze and
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the other conditions. For mean saccade latency, we found
significant differences between saccade types (P<.001,
ES=.88), and between VR environments (P>.002, ES<.78).
For posture, we observed significant difference only between
2D Gaze and OSC Gaze in AP direction (P=.01, ES=.66).
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Figure 1: Distribution of saccade latency and postural sway speed

Conclusions

The results imply that OSC visual stimuli without saccade
tasks induced more postural sway in healthy OA as
hypothesised. OA had enough attentional resources to
perform additional saccade tasks while lessening their
postural sway in the OSC condition. Concurrent evaluation of
posture and saccadic eye movements using VR might support
assessing people with dementia more comprehensively and
the results warrant further research where OA with and
without MCI should be compared.
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Summary

We examined whether muscle-wise differences in passive
elasticity, measured using shear wave elastography, are
associated with non-uniformity in Achilles tendon
displacement. In total 52 young athletes (18.343.2 years,
178+13.7 cm, 72+15.8 kg) were measured for soleus, medial
and lateral gastrocnemius passive muscle elasticity during
slow dorsiflexion. During submaximal isometric contraction,
Achilles tendon internal displacement from the distal tendon
was measured using B-mode ultrasonography and analysed by
speckle tracking. Results showed that passive muscle elasticity
was greatest in MG muscle and lowest in SOL without
differences between sports or sex. Differences in absolute
passive elasticity, measured as differential shear modulus
between muscles did not correlate with tendon non-
uniformity. Interestingly, female sex was the only significant
predictor for greater non-uniformity in tendon displacement in
this sample of young athletes.

Introduction

Athletes have 7.7 times greater chance of getting Achilles
tendon (AT) rupture and 4.7 times greater chance for AT
tendinopathy than controls [1]. AT injuries maybe long lasting
and the factors leading to better recovery are still poorly
understood. In healthy AT, non-uniform displacement is
considered a healthy sign while in injury the non-uniformity is
nearly nonexistent [2]. In search for functional factors
influencing this phenomenon, we tested the hypothesis that
non-uniform AT displacement is associated with non-
uniformities in calf muscle passive elasticity in adolescent
athletic population. We also examined if results were different
between males and females or athletes in different sports.

Methods

Young athletes were recruited from local Sports Academy and
training room -project. Total of 35 males (mean 18.5 yrs, 186
cm, 79 kg) and 17 females (17.8 yrs, 163 cm, 58 kg) from
basketball (18), track and field (16) and gymnastics (18)
visited laboratory for biomechanical assessments. Study had
been approved by ethics committee and participants signed an
informed consent.

Muscle elasticity was assessed using Supersonic
shear wave elastography (SSI, France) when participants were
sitting on an ankle dynamometer with knee fully extended.
When relaxed, ankle joint was rotated from 40° plantarflexion
to maximum of 20° dorsiflexion at 2°/s. These passive
movements were repeated when imaging soleus (SOL), medial
(MG) and lateral gastrocnemius (LG) muscle bellies in
random order. Inter- and intrarater reliability was ICC>0.96
Shear modulus was extracted using ElastoGUI software.

AT proximo-distal displacements within a sagittal
section of distal tendon were acquired with B-mode

ultrasonography (SSI, France) when participants were
performing isometric ramp contractions up to 50 Nm target
level. Displacements were assessed using 2D speckle tracking
(Slane & Thelen 2015) in 6 locations across the tendon.
Maximal nonuniformity was calculated as maximum-
minimum displacement within the tendon cross-section.
Correlations between maximal tendon non-uniformity and
absolute differences in passive stiffness between muscles
(MG-SOL, LG-SOL, MG-LG) were calculated. Results are
presented from right leg. A linear stepwise regression to
predict tendon non-uniformity was performed.

Results and Discussion

Passive muscle elasticity at maximal dorsiflexion was
different between muscles (SOL 16.9+9.4 kPa, MG 89.2425.2
kPa, LG 50.8+14.4 kPa, all p<0.001) but no differences were
observed between sports or sex. Tendon displacement varied
from 4.0. to 11.4 mm in the dorso-ventral plane, peak non-
uniformity being non-significantly lower in males (7.0+£2.9
mm) than females (9.3+5.0 mm) without differences between
sports.

There were no bivariate correlations between non-
uniformity in shear modulus of muscles and tendon
displacement. While MG muscle had a much greater passive
elastic modulus than SOL, the magnitude of -elasticity
difference did not correlate with the non-uniformity in AT
displacement. It may be that active muscle dynamics plays the
most important role in AT subtendon movement [3].

The regression model where differences in passive
muscle elasticity and sex were included into the model
revealed that females had more non-uniformity (standardized
B 0.323, p=0.027). This novel finding needs further study in
relation with the knowledge that males have more Achilles
tendon ruptures [4].

Conclusion

Differential passive muscle properties were not associated
with differential tendon displacement during isometric
contraction. Female sex was the only significant predictor of
AT non-uniformity in young athletes.
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Summary

This study combines shear-wave tensiometry with a soft
exosuit to track Achilles tendon loading during exosuit-
applied ankle resistance during gait. The results demonstrate
the unique potential to actively modulate and track internal
muscle-tendon loading during resistive training.

Introduction

Resistive training during gait rehabilitation in individuals
with neuromotor disorders (e.g. cerebral palsy (CP), stroke)
is often used to increase task intensity, which can improve
retention of functional outcomes such as walking speed [1].
For post-stroke gait rehabilitation, one goal is to increase
ankle push-off in the paretic limb, enhancing propulsion and
walking speed. While clinics often use elastic bands to apply
resistance and increase intensity, these methods do not
directly target the paretic joint. Recent work showed that
exoskeletons applying plantarflexor (PF) resistive torques
increased PF muscle activity in patients with CP [2]. Still, it
remains unknown how this translates into increased muscle-
tendon (MT) loading, and how MT loading is modulated by
the magnitude of applied resistance. The recent development
of shear-wave tensiometry [3] enables noninvasive measures
of tendon loading in vivo during dynamic movement, which
has the potential to isolate the contributions of the triceps
surae to net ankle torque. This is a distinction that cannot be
made using traditional methods such as inverse dynamics,
which only provide an estimate of the PF ankle torque. Here
we demonstrate the feasibility of using shear-wave
tensiometry to track modulations of Achilles tendon loading
across a range of exosuit-applied resistances during gait.

Methods

One young healthy subject walked continuously for 9
minutes on an instrumented treadmill while wearing a
unilateral soft exosuit on the left leg [4]. We collected data
from optical motion capture, force plates, onboard exosuit
sensors, and a tensiometer. The exosuit applied PF resistive
force during the mid-late stance phase, such that the peak
force increased monotonically each minute from ON (slack)
to 375N in 9 equidistant increments. The last 30 seconds of
each condition was used for analysis. Net biological ankle
torque was computed as the difference between exosuit-
applied torque and net torque from inverse dynamics.
Tendon loading is proportional to tendon shear wave speed
squared, as measured by the tensiometer [3].

Results and Discussion

The peak exosuit resistance torque increased from 0 to 0.4
Nm/kg over the 9-minute walking trial. The corresponding

peak net biological ankle torque increased from 1.61+/-0.04
to 1.97+/-0.04 Nm/kg (+22%). Peak Achilles tendon wave
speed increased from 50.1 to 58.9 m/s (+18%) over the trial,
which we estimate to correspond to a 38.6% increase in
tendon loading. A significant linear relation between tendon
load and net biological ankle torque was observed, with the
percent change in load exceeding the percent change in
biological torque (ratio=1.49, R? = 0.9529, p<0.001, Fig. 1).
The strong correlation of tendon loading with resistance
gives confidence that the tensiometer tracked modulations
effectively. The deviation from a unity slope relationship
suggests that estimations of net biological torque are
insufficient to fully describe the modulation of individual
muscle contributions.
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Figure 1: Relative change in peak biological ankle torque and peak
Achilles tendon load with respect to slack walking (Fpk=0) across
nine exosuit resistance magnitudes.

Conclusions

This study demonstrates that shear-wave tensiometry
provides a unique methodology for directly assessing the
effects of active exosuit resistance on MT loading during
walking. The methodology obviates the need for a motion
analysis laboratory, and hence is easily transferable to
clinical environments. We believe that the coupled
technologies could provide an objective approach to actively
modulating MT loading during gait rehabilitation.
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Summary

This study investigates the interplay of the serial elastic and
the contractile component of the muscle-tendon-unit (MTU)
during pure shortening and stretch-shortening contractions
among varying contraction velocity and range of motion.
Thereby, we used nerve muscle stimulation, ultrasound,
motion capture, and dynamometry. Our results suggest that a
change in contraction intensity only affects the absolute
concentric MTU work but does not lead to an increased SSC-
effect.

Introduction

Stretch-shortening contractions (SSC) are the most common
muscle action in sports or daily locomotion. During the
concentric phase of a SSC, muscle force, work and power are
increased by up to 50% when compared to pure concentric
(CON) contractions [1]. This so-called SSC-Effect is
discussed to be related to elastic energy preservation, reflex
activity, activation dynamics or residual force enhancement
(trFE) [2]. Thereby, the influence of contraction intensity on
these performance-enhancing mechanisms is still rather poorly
understood [3]. The aim of this study was to investigate how
different contraction intensities influence the interplay of the
serial elastic and the contractile component of the MTU during
SSCs with varying range of motion (ROM) and contraction
velocity.

Methods

Eleven participants performed submaximal plantar flexion
contractions on a dynamometer using electrical nerve
stimulation, including isometric, CON and SSC contractions at
30% and 60% of individual maximum voluntary torque
(velocities: 40 & 120°/s; ROM: 15 & 25°). 3D motion
capturing was used to track leg kinematics. In addition, two
synchronized ultrasound probes were used to track changes in
fascicle length of the gastrocnemius medialis and Achilles
tendon, and to determine the dynamic Achilles tendon moment
arm. The analysis focuses on the SSC-effect, defined as the
ratio between the concentric phase of the SSC and CON
contraction (Figure 1), using a repeated analysis of variance
with the factors ROM, contraction speed and intensity.

Results and Discussion

The SSC-effect was confirmed as MTU work was
significantly increased by 5-33% during SSC contractions
(p<0.05). The SSC-effect was unaffected by intensity as no
change in MTU work ratio was found (p=0.096). Contraction
intensity changes had no effect on the relative behavior of the

oc1

series elastic and contractile component, as the ratio of
Achilles tendon length change (p=0.242), fascicle length
change (p=0.549), and fascicle and Achilles tendon shortening
velocity (p=0.452 and p=0.218, respectively) was unaltered.
Thus, intensity changes had no influence on fascicle work
ratio (p=0.091). Due to the measurement setup, reflex activity
and activation dynamics should not have influenced the SSC-
effect.
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Figure 1: Exemplary ankle joint angle and torque of CON (blue),
SSC (green), and isometric (grey) plantar flexions. During SSC
contractions concentric work (green area under curve) was increased
when compared to CON contractions (blue area under curve)
throughout all contraction conditions (varying speed, ROM and
intensity).

Conclusions

While the absolute values for all analyzed parameters were
clearly affected by contraction intensity, these changes seemed
to apply to SSC and CON contractions in a similar fashion so
that the SSC-effect was unaffected. We did not find intensity-
dependent changes in the contributions of the serial elastic and
the contractile component of the MTU to the net SSC-effects.
Further analysis focusses on rFE-related mechanisms that are
not yet presented in this abstract.
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Summary

Recent ISB recommendations raise the question of whether
the wvariance in kinetic data due to confounding
anthropometric factors between groups (e.g., males vs.
females) should be controlled by using statistical adjustments
or (ratio) normalization techniques [1]. Although
normalization facilitates between-group comparisons, certain
techniques may misrepresent the relationship between kinetic
and anthropometric data [2], fail to remove the correlation
between them, or provide different interpretations to adjusted
linear models. The purpose of this investigation was to assess
eight normalization techniques using body mass, height, and
limb length to normalize net joint moment (NJM) magnitudes.
Normalizing NJMs by mass*height or mass*leg-length were
the only methods that did not misrepresent the relationship
between NJM and anthropometric data, removed the
correlation between these data, and provided similar
interpretations to adjusted linear models. Therefore, dividing
NJM magnitudes by mass*height or mass*leg length is
recommended to facilitate between-group comparisons.

Introduction

Anthropometric variables such as body mass, height, or limb
length can influence the magnitude of NJMs. There is no
consensus as to how, if at all, NJM data should be analyzed to
account for differences in anthropometrics [1]. Commonly
used ratio normalization techniques, where the NJM is
divided by a "control" variable (e.g., body mass, height, or
limb length), can potentially misrepresent the underlying
relationship between NJM and anthropometric data if the
regression line between these variables does not pass through
the origin [2]. Further, it is unclear which methods
successfully remove the correlation between the NJM and
anthropometric variables while maintaining similar statistical
interpretations to adjusted linear models (i.e., covariate
analyses). Therefore, it is essential to consider how or if NJM
data were normalized when interpreting research results, as it
may affect the conclusions drawn. The purpose of this
investigation was to compare the effects of eight different
normalization techniques that involved dividing NJMs by
various (combinations of) body mass, height, and limb length
metrics during a single-leg squat (SLS) movement.

Methods

Sixteen males and 16 females performed five SLSs with their
non-stance foot held back behind their body. A bottom-up
inverse dynamical linked-segment modelling approach was
used to quantify knee NJMs using standard methods. The data
analyzed here were a subset of those reported elsewhere [3].

Net moments about the knee joint mediolateral axis were
extracted when the knee was maximally flexed, and were then

divided by body mass, allometric mass (mass”0.67), height,
limb length, mass*height, mass*limb length, allometric
mass*height, and allometric mass*limb length.

Three methods were used to assess normalization techniques:
1) intercept analysis; 2) correlations between normalized NJM
and anthropometric data; and 3) "mock" experimental analysis
comparing normalized NJMs between males and females. The
first method was used to assess the implicit assumption that
the regression line between the NJM and anthropometric
variables passed through the origin. If the regression line did
not pass through the origin (i.e., the intercepts were
significantly different from zero), then the ratio was deemed
to misrepresent the relationship between these variables. The
second method assessed the assumption that normalization
removes the correlation between the NJM and anthropometric
variables. The third method assessed the similarity of
statistical interpretations when comparing NJMs between
males and females using each normalization method relative
to a statistically adjusted linear model.

Results and Discussion

The regression lines between NJMs and mass, mass*height,
mass*limb length, allometric mass*height, and allometric
mass*limb length passed through the origin (i.e., p > 0.05 for
all intercepts). Correlations between NJMs and
anthropometric data were only removed when normalizing by
mass*height (r = 0.04-0.19), mass*limb length (r = 0.06-
0.11), allometric mass*height (r = 0.29-0.31), and allometric
mass*limb length (r = 0.23-0.33) (all p > 0.05). When
comparing NJMs between males and females, only
normalizing with mass*height and mass*leg length yielded
similar statistical interpretations to an adjusted linear model.

Conclusions

Dividing NJMs by mass*height or mass*leg length is
recommended to facilitate comparisons between groups. The
traditional method of normalizing kinetic data based solely on
body mass should be avoided for knee NJMs during a SLS.
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Summary

This study investigated the influence of an electrical noise
stimulation (ENS) on plantar vibration perception thresholds
(VPT) of 43 patients with diabetes mellitus (DM). ENS appli-
cation was randomized during VPT measurements at 30 and
200 Hz. Although no significant differences were found, there
were trends supporting a possible effect of ENS.

Introduction

Diabetic neuropathy is an incurable disease and mostly only
symptomatic treatment with various drugs is available [1].
VPT are used to assess sensory deficits caused by DM; they
are even used to assess neuropathy and ulcer risk [2]. A recent
study showed that VPT can be enhanced by plantar mechani-
cal noise stimulation (MNS) [2]. The phenomenon behind
MNS is called stochastic resonance, which is the same for
ENS [3,4]. To our knowledge, there are no studies investigat-
ing the effects of an ENS at the plantar foot on VPT in DM.
Therefore, the present study investigated the effects of an ENS
at the plantar foot on VPT in DM. Based on previous results,
we hypothesized improved VPT due to ENS [2]. Furthermore,
we hypothesized that ENS led to a reduction in the variability
(CoV) of VPT.

Methods

43 DM subjects (27 &, 16 Q; mean = sd: 64.6 £ 9.3 yrs, 171.0
+9.8 cm, 88.9+17.7 kg, 13.9 + 10.6 yrs since diagnosis) par-
ticipated in this study. VPT were measured at the first meta-
tarsal head (MET I) at 30 and 200 Hz using a customized vi-
bration exciter (type 4180, Briiel & Kjaer Vibro GmbH, Ger-
many). ENS (white noise) was applied by an isolated bipolar
constant current stimulator (Digitimer DS5, Digitimer Ltd,
UK). Electrodes were placed at the plantar metatarsal heads
and the dorsum of the toes/foot. Through a hole (2 10 mm) in
the plantar electrode, the vibrating probe (2 7.8 mm) was po-
sitioned at MET 1. VPT were measured three times with and
without ENS (randomized). The stimulation intensity was
90% of the individual absolute current perception threshold.

Results and Discussion

Due to strict exclusion criteria, ENS was only performed on
38 DM subjects. Wilcoxon signed-rank tests showed no sig-
nificant changes of VPT and CoV due to ENS (Table 1).

Table 1: Mean + standard deviation of vibration perception thresh-
olds (VPT) and coefficients of variation (CoV) for 30 and 200 Hz

n =38 stimulation off  stimulation on

VT 200 Hz  34.1+22.1 34.7+224
(um] 30 Hz 89.5+ 88.6 823 +78.5
200Hz  208+172 17.0+17.7

0,
CoV %] 30 Hz 22.7+15.1 17.8+12.9

VPT: p2oonz=0.753, p3onz=0.100; CoV: p2oonz = 0.144, p3on. =0.157

Descriptively, DM with a diabetes duration <= 10 yrs showed
an average improvement of ~ 6-9% of their CoV. Although
this was not significant, it shows a trend of variability reduc-
tion (Figure 1).
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Figure 1: Coefficients of variation (CoV) for 30/200 Hz subdivided
by diabetes duration (p range: 0.079 — 0.785).

Our results are in contrast to [2], but in line with the results of
a previous study with healthy elderly subjects [3]. While MNS
primarily acts on the receptors themselves, it is assumed that
ENS modulates the nerve fiber [4]. This hypothesis is sup-
ported by improved VPT after ENS of the tibial nerve [5]. In
contrast to MNS, skin properties play a major role in ENS,
which are highly altered in DM. Since current seeks the path
of least resistance, it is uncertain if the measured MET I area
was also electrically stimulated, which could explain the lack
of improvement in VPT.

Conclusions

Although our hypothesis was not confirmed, there seems to
be a possible effect of ENS when considering diabetes dura-
tion and VPT variability. Hence, further studies are needed to
provide evidence of the effect of ENS on VPT in DM patients.
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Summary

Gross taper failure (GTF) is a rare but dramatic failure mode
of the head-stem-taper connection of modular hip prostheses.
The present study shows that the second stage of the GTF
process - once initiated by bottoming-out - is associated with
a linear increase in the wear of the stem taper and little
further wear of the head taper caused by abrasive wear. The
volume-time relationship is dependent on head length; with
higher material loss for shorter heads.

Introduction

Gross taper failure (GTF) is a rare but dramatic failure mode
of the head-stem-taper connection of modular hip prostheses,
accompanied by massive material loss of the stem and head.
GTF is suspected to be a two-stage process initiated by the
corrosion-induced failure of the force locked taper,
‘bottoming-out’, leading to severe abrasive wear due to the
subsequent rotation of the head on the stem taper.[1,2]

The objective of this study was to test the hypothesis of
abrasive wear in the second stage in-vitro and to determine
the time-material loss relationship.

Methods

Six cobalt-chromium alloy (CoCr) heads (36mm, 12/14
taper) with three different lengths (“S”: -4mm, “M”: Omm,
“L”: +8mm) were assembled to stem taper replicas made
from titanium-aluminium-niobium alloy (TiAl6Nb7). A
small steel plug (S37) was used to simulate bottoming out.
Dynamic gait loading according to ISO 14242-1 was applied
for 2 million cycles using a hip simulator. Gravimetric wear
was determined every 0.5 million cycles during serum
exchange and volumetric wear was calculated with density
of pc()Cr=8,4rng/mm3 and pTiAlﬁNb7=4,52mg/mm3.

Results and Discussion

Each stem taper surface developed a characteristic, head
length-specific abrasive wear pattern (Figurel), comparable
to those found in explants. At the time of serum exchange,
the position of all heads was rotated to varying degrees from
the initial position.

S/-4mm M/0mm L/48mm
Head Length

Figure 1: Taper wear after 2 million cycles. Red: Wear edges

0c2

Stem taper wear increased linearly with load cycles
(p<0.001) and resulted in a mean volumetric material loss of
129mm?*/43mm?*/10mm* per million cycles for head lengths
S/M/L. The wear rate after 2 million cycles was significantly
greater for the S head than for the M and L heads (p=0.01).

Head length [mm]
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Volumetric Wear [mm3]
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Figure 2: Volumetric wear of the stem tapers grouped by head

length indicating a linear wear increase with time (Regression line
with 95% confidence interval CI).

The head taper wear rates for the S/M/L head lengths were
2.5mm3/2.6mm3/4.1mm3 per million cycles. Only wear for
the L head increased significantly with loading cycles
(p=0.016). No difference was observed with respect to head
lengths after 2 million cycles (p=0.61).

Conclusions

The present study shows that the second stage of the GTF
process - once initiated by bottoming-out - is associated with
a linear increase in the wear of the stem taper and little
further wear of the head taper caused by abrasive wear. The
volume-time relationship is dependent on head length; with
higher material loss for shorter heads. Clinically, GTF is
more common in association with longer heads [2]. This
leads to the assumption that the total duration of the GTF
process consists mainly of the first stage, where corrosion
dominates, which is greater for longer heads [3,4] and thus
leads to bottoming-out more quickly.
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Summary

Fatigue resistance of nitinol stents implanted in
femoropopliteal arteries is a critical issue because of their
harsh biomechanical environment. Limb flexions due to daily
walk expose the femoropopliteal arteries and, subsequently,
the implanted stents to large cyclic deformations, which may
cause fatigue failure of the smart self-expandable stents. For
the first time, this study utilised the up-to-date measurements
of walk-induced motion of human femoropopliteal artery to
investigate the fatigue behaviour of nitinol stent after
implantation. The study was carried out by modelling the
processes of angioplasty, stent crimping, self-expansion and
deformation under repetitive bending, torsion and axial
compression as well as their combination. The highest risk of
fatigue failure of the nitinol stent occurs under a combined
loading condition, with the bending contributing the most,
followed by compression and torsion. The work is significant
for understanding and improving the fatigue performance of
nitinol stents through innovative design and procedural
optimisation.

Introduction

Peripheral artery disease, narrowing of the peripheral arteries,
is caused by the build-up of plaque on the inner wall of a blood
vessel, which restricts the blood flow through the lower limbs.
Peripheral artery disease is most found in the leg arteries, i.e.,
femoropopliteal arteries. Self-expandable nitinol stents were
developed, which have excellent flexibility and can recover
from deformation thanks to their unique superelastic
behaviour. However, fracture of nitinol stents was frequently
observed during follow-up examinations [1,2], which is
directly associated with the repetitive external forces, i.e.,
fatigue loading, exerted on the stents during normal walk [3].
In this study, advanced finite-element simulations were
carried out to investigate the fatigue resistance of nitinol stents
subjected to walk-induced motion of an femoropopliteal
artery.

Methods

In our numerical studies, a two-layer femoropopliteal artery,
with an overall wall thickness of 1.15 mm, an inner diameter
of 4 mm and a length of 50 mm, was modelled. The plaque
was modelled as a symmetric layer inside the artery, with a
length of 18 mm and a stenosis of 50% (i.e., an inner diameter
of 2 mm). Finite-element model for the Zilver Flex® Vascular
Self-Expanding Stent (Cook Medical, USA) was built using
Abaqus CAE, with a length of 20 mm, an outer diameter of 5
mm and a strut thickness of 125 pm. A linear-elastic tube was

created in the numerical model to crimp and release the Zilver
stent in the diseased artery. To simulate angioplasty, a three-
folded non-compliant balloon model was also created, with a
length of 21 mm and a nominal diameter of 4 mm.

Angioplasty was simulated before stenting, with a peak
inflating pressure of 1.8 MPa applied to the inner surface of
the balloon. The process of stent deployment in the diseased
artery consisted of crimping and releasing steps. Following
the stent deployment, its in-service fatigue behaviour was
studied under a combined bending, torsion and axial
compression fatigue caused by walking-induced artery motion.

Results and Discussion

In the constant-life’s diagrams (Figure 1), the stent under
combined loadings has the most elements in the dangerous
zone above the fatigue strain limit line, indicating the highest
risk of fatigue failure among all loading scenarios.
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Figure 1: Constant-life diagrams for (a) bending, (b) torsion, (c)
axial compression and (d) their combination.

Conclusions

The combined loadings imposed the highest risk to stent’s
fatigue failure, to which the main contribution was from
bending, followed by axial compression and torsion.
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Summary

Two different types of Total Ankle Replacement (TARs) are
compared with a dynamic computational model of the foot.
The foot is set to rotate in its three main directions in order
to see the effect the implant designs have on the behavior of
the ankle and subtalar joint. The saddle-shaped design
approximates the anatomical surface of the bones, shows a
better congruency and follows joint kinematics more
realistically than the uniaxial design.

Introduction

TARs are used as a replacement of damaged cartilage and
bone surfaces due to arthritis. These devices are getting more
popular as their improved designs continue to accomplish
better clinical results and good survival rates. While several
Finite Element studies have been carried out to analyze
critical stress concentrations due to wear [1], barely any
project has managed to replicate in vivo motions of the ankle
in a computational simulation. This study uses a validated
numerical model [2] in order to compare the behavior of two
TAR designs. One of the devices has a more constrained
design, which mainly allows for wuniaxial rotation
(dorsiflexion/plantarflexion), such as the Infinity™ TAR.
The other design instead, approximates the anatomical
structure of the joint, thus making it more mobile, allowing
the foot to rotate in all directions. A new implant (the
Kinos™ TAR) is used as a representation of this second type
of design. The study evaluates foot kinematics in the ankle
complex, the talocrural joint and the subtalar joint.

Methods

The computational model used for this study includes the
complete tibia and fibula bones, as well as the hindfoot and
midfoot bones up to the metatarsals. These are considered
3D rigid bodies that were initially obtained from CT scans.
The ligaments are modelled as tension-only springs with
non-linear strain properties. The midfoot bones are also
interconnected using specific springs with stiffness values in
the 6 degrees of freedom. The articulating surfaces of the
bones were offset for cartilage compensation, and the contact
between them was considered frictionless. Regarding the
implants, the talar dome and tibial tray were fixed to their
respective bones, and the polymer component was attached
to the tibial tray. The contact between the talar dome and the
polymer is also assumed to have no friction. All the bones
are completely free to move in any direction, only having the
ligaments as constraints. In the simulations, the tibia was
held fixed and rotational moments of 10Nm were applied to
the calcaneus in dorsiflexion/plantarflexion, inversion/
eversion and external/internal rotation. Also, a load of half-
body weight was applied upwards as ground reaction force.
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Results and Discussion

The results of these simulations show that the behavior of
the two implants is very similar during dorsiflexion/
plantarflexion, but larger differences can be seen during
eversion/inversion and external/internal rotation (Figure 1).
The Kinos implant is able to follow a very similar pattern to
the natural joint, the Infinity design deviates more during
those rotations.

Internal
rotation

External
" rotation

Figure 1: Rotation of the Ankle Joint Complex against the moment
applied during External/Internal Rotation

Additionally, the distance between the interacting surfaces of
the implants (the talar dome and the poly component) were
studied using color maps. While the Kinos design showed
good congruency, larger gaps between the surfaces were
found in Infinity, as well as small areas of contact. This
could lead in the future to stress concentration and wear.
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Figure 2: Distance mapping of the talus to the tibia, and the talar
domes to the poly components, during External rotation

Conclusions

The dynamic computational foot/ankle model is a useful tool
to compare the performance of different TAR designs. The
saddle shaped implant, which approximates the anatomical
joint surface, provides a better stress distribution, higher
congruency and similar mechanics to that of the natural
joint. This may suggest that such a replacement may provide
less long-term wear and reduce failure rates.
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Summary

Cranial implants aim to provide cerebral protection after
neurosurgery or skull trauma. With the increased use of
patient-specific cranial implants, the mechanical response of
each implant cannot be characterized experimentally in a
practical way. However, computational models provide an
excellent possibility to efficiently predict their mechanical
response. This study developed finite element models of
titanium-reinforced calcium phosphate (CaP-Ti) implants,
the models predicted the mechanical response at both quasi-
static and impact loading rates.

Introduction

Reconstruction of cranial defects with synthetic implants has
a high clinical complication rate (~20 %). Infection is the most
frequent complication [1]. Most cranial implants have
commonly been constructed from bioinert materials e.g.
PMMA. The outcome could potentially be improved by using
osteoconductive and bioactive materials. Promising clinical
results have been reported for one such patient-specific
calcium phosphate-titanium (CaP-Ti) implant, which consists
of an additively manufactured titanium structure, covered by
CaP tiles [2]. An important function of cranial implants is to
provide cerebral protection. Recently, the mechanical
behavior of generic CaP-Ti implants were experimentally
investigated at quasi-static (QS) and impact loading rates [3].
However, computational models are required for investigating
patient-specific designs. The primary aim of the present study
was to develop a finite element modelling approach for CaP—
Ti implants, and to validate it against experimental data of two
implant designs at impact and quasi-static loading rates [4].

Methods

In the experiments, generically shaped implants were rigidly
supported at the implant circumference and tested under QS
(1 mm/min) or impact loading (5 kg, 1.52 m/s) [3]. Implant
models were discretized (Ansa 17.1.0, Beta CAE Systems),
and the boundary conditions were set to replicate the
experiments. A rubber sheet (soft tissue surrogate) was used
in the experiments, but only modelled in the impact model.
The models were solved using implicit (QS) or explicit
(impact) solvers (LS-Dyna R11.0.0, Livermore). For the CaP,
a material model with tension-compression asymmetry was
used. In the explicit model, damage was also implemented in
the material model since CaP fractures had been observed
experimentally. The material properties were determined by
material testing or based on literature.
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Results and Discussion

The FE models showed good agreement with experimental
force-displacement data (Figure 1a-b). The failures indicated
in the strain plots were observed at similar locations as in the
experiments (Figure 1c). Initial peak loads were predicted
with < 11% for implicit models, and < 5% difference for
explicit models. The maximum displacement was predicted
by the explicit models with < 4% difference.
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Figure 1: Force-displacement data for one implant design, QS (a)
and impact (b). Implicit FE strain plots (c): CaP tiles (1, 2), red
show failure. The titanium below the applied load (3, 4), blue show
yield and failure. The strain plot locations are marked in a).

Conclusions

As demonstrated by this study on two implant designs, the
mechanical response of CaP-Ti composite implants can be
predicted by FE models at both quasi-static and impact
loading rates. The models could be a valuable tool for the
design and evaluation of patient-specific CaP-Ti cranial
implants to optimize their performance and assure their safety.
The framework developed for modelling the CaP-Ti implant
used only literature based input and matched boundary
conditions, hence it could be used in future studies for
modelling CaP materials in other composite implants.
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Summary

High Flow Nasal Canula (HFNC) oxygen therapy can provide
an effective treatment option in the early phase of respiratory
insufficiency (e.g. for COVID-19 patients). Innovatively
designed HFNC devices can be operated independently from
medical O; supply infrastructure. In this study we present a
simple, safe and cost effective HFNC system built with
commonly available components utilizing membrane
separation technology, which can support up to 10 patients in
parallel depending on the clinically relevant flow rate.

Introduction

High Flow Nasal Cannula (HFNC) and Noninvasive
Intermittent Positive Pressure Ventilation (NIPPV) via mask
may have an advantage over controlled mechanical
ventilation (CMV) [1]. Utilizing membrane separation
technology in these noninvasive devices, O-enriched
respiratory gas is directly produced via membrane separation
from ambient air. An advantage permitting it for worldwide
use due to the independence from medical O, supply
infrastructure. For operation, only ambient air, an electrical
power supply and water for humidification are required.

Methods

Based on a numerical model for the gas separation process,
we designed an O,-enrichment device for HFNC therapy. Key
component of the device is an O,-selective membrane module,
in which pressurized and filtered ambient air (feed) is guided
through the lumen of the hollow fiber membranes. O»-
enriched air is thereby separated as low pressure permeate and
N»-enriched gas is retained as high pressure retentate.

Pressure controllers ensure appropriate pressure levels and
flow distribution in the flow paths of the system. We utilized
an Arduino Mega 2560 with a TFT display as well as sensors
for control and visualization of process parameters.
Additionally, we developed a humidifier for the respiratory
gas, comprising a pipe heating for the air flow combined with
an evaporator.

Results and Discussion

The built prototype of the O,-enrichment device measures
170 x 50 x 60 cm (height x width x depth). It provides
respiratory gas with a O, concentration of 30 to 40 % for
HENC treatment of up to 10 patients in parallel depending on
the clinically relevant flow rate. In order to generate a particle-
free respiratory gas flow, the pressurized feed flow is first
conditioned with a multistage filter unit. The permeate is then
filtered in a second stage and subsequently heated and
humidified. O, concentration is controlled via a pressure

control valve at the retentate exhaust. All described
components are placed within an aluminum frame (Figure 1).
Our prototype supports a working pressure of up to 10 barg
on the feed side and a permeate flow of up to 200 L/min O,-
enriched respiratory gas for the patients.

front view side view

Figure 1: Lab prototype of the Oz-enrichment device

Figure 2 shows the dependency of O, concentration on the
stage cut (permeate flow/feed flow) at a pressure of 7 barg in
the feed stream.
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Figure 2: O, concentration in dependency on stage cut.
Conclusions

In this work we present a simple device for HFNC therapy of
up to 10 patients suffering from respiratory failure (e.g. for
COVID-19 patients) in parallel. The device is assembled
using standard commercially available components and
allows to provide HFNC therapy independently from medical
O infrastructure.
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Summary

A key mechanical feature of maximal cycling is hip and ankle
joints working in synergy during the downstroke to enable the
ankle to transfer power produced by the hip extensors to the
crank. This study applied a modified vector coding technique
to quantify the strength of the hip-ankle moment synergy in
the downstroke during maximal cycling at varying pedaling
rates: 60 and 135 rpm. There was a significantly stronger hip-
ankle synergy for sprints at 60 rpm compared to 135 rpm,
suggesting that as the task complexity increases (increase in
pedaling rate) it is more difficult to coordinate the joint
actions. Results suggest that this method could be used to
assess riders’ pedaling techniques and monitor effects of
training or equipment interventions on coordination patterns.

Introduction

Musculoskeletal simulation studies have demonstrated during
maximal cycling that the hip and ankle joints need to work in
synergy through the downstroke, to enable the ankle to
transfer power produced by the hip extensor muscles to the
crank [1,2]. Consequently, the hip and ankle joints working in
synergy during the downstroke is a key mechanical feature
that represents functional maximal cycling coordination
patterns. Therefore, developing a method to quantify the
strength of this synergy in participant-based studies is
important when investigating the stability of coordination
behaviors in maximal cycling. The aim of this study was to
apply a modified vector coding technique to quantify the
strength of the hip-ankle moment synergy in the downstroke
during short-term maximal cycling, and to compare the
strength of the synergy to performance variations such as
pedaling at differing rates of 60 and 135 rpm.

Methods

Twelve track sprint cyclists (4 males and 8 females, 24.1 +
13.8 yrs, 68.2 = 11.1 kg), performed 3 x 4 s seated sprints at
135 rpm, interspersed with 2 x 4 s seated sprints at a 60 rpm
on an isokinetic ergometer. Joint moments were calculated via
inverse dynamics, using measured pedal forces and limb
kinematics, and interpolated to 100 points around the crank
cycle. The hip-ankle moment synergy was quantified using a
modified vector coding method [3]. First, the coupling angle
was calculated from the hip-ankle moment-moment diagrams
for each point on the crank cycle, with circular statistics used
to calculate the mean coupling angles for each participant. The
mean coupling angle was categorised into four coordination
phases: in-phase, anti-phase, hip-phase and ankle-phase based
on the system proposed by Chang and colleagues [3]. The
frequency the mean coupling angle lay within each of these
coordination patterns during the downstroke (0 to 180°) was
calculated for each participant at each pedalling rate. Strength
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of the hip-ankle synergy was quantified by the frequency of
in-phase coordination pattern between the hip and ankle
moments in the downstroke. Differences between coordination
phase frequencies of the hip-ankle moments during the
downstroke between sprints at 60 and 135 rpm were assessed
using Wilcoxon matched-pairs tests.

Results and Discussion

In-phase coordination between the hip and ankle moments was
significantly more frequent at 60 rpm compared to 135 rpm
(Figure 1). Hip-phase coordination was significantly more
frequent at 135 rpm compared to 60 rpm (Figure 1).
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Figure 1: Hip-ankle moment coordination patterns during
downstroke for sprints at 60 and 135 rpm. The P values for
coordination patterns between sprints at 60 and 135 rpm: In-phase: P
=0.001*, Anti-phase: P =0.119, Hip-phase: P = 0.005*, Ankle-
phase: P =0.970. *Indicates significant difference (P < 0.01)

There was a significantly stronger hip-ankle synergy for
sprints at 60 rpm compared to 135 rpm, which might be due to
the increased time available in the downstroke to coordinate
the joint actions at 60 rpm. At 60 rpm, the ankle plantarflexion
moment started to be produced just before TDC which was
earlier than at 135 rpm, which meant it was increasing in
conjunction with the hip extension moment, resulting in the
stronger synergy at 60 rpm.

Conclusions

Results demonstrated that a modified vector coding technique
can be used to quantify the strength of the hip-ankle moment
synergy during the downstroke, and that the strength of the
synergy is influenced by pedaling rate.
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Summary

We have developed and validated an open-source algorithm to
automatically label optical motion capture markers. The
algorithm uses deep learning and can be trained on existing
data or simulated marker trajectories. We found that the
algorithm had an accuracy of 99.6% when trained on existing
data and 92.8% when trained on simulated trajectories.
However, the later could be increased to 97.1% by applying
transfer learning to existing data from a single participant. The
algorithm and the provided user interface can help to reduce
the time and effort required to label motion capture data,
especially for those who have limited access to commercial
software.

Introduction

Optical motion capture is a valuable tool for quantifying
human movement. However, assigning labels to the 3D
coordinate data in passive motion capture systems can be a
tedious and time-consuming process. Previous methods have
been proposed using machine learning to automate this
process [1,2]; however, this typically requires a large dataset
of ground truth data for training and some methods are
negatively affected by extrancous or missing markers.
Furthermore, few have made their algorithms publicly
available. Therefore, our aim was to develop and share a deep
learning-based algorithm that can be trained on existing or
simulated marker trajectories to automatically label motion
capture data.

Methods

In the proposed algorithm, a neural network based on long
short-term memory units is used to predict label probabilities
for unlabelled marker trajectories. Labels are assigned using
the Hungarian algorithm, and corrections are made based on a
pre-defined OpenSim marker set.

The algorithm was first trained on an existing dataset of 100
participants performing athletic movements and tested on a set
of 42 participants performing the same movements. Simulated
trajectories were then generated for a different marker set
based on the motion of those 100 participants. The algorithm
was trained on the simulated trajectories and tested on the data
of nine participants that used this new marker and performed
the athletic tasks and some other movements not included in
the training set. The algorithm was updated using transfer
learning on data from one participant and the accuracy was
tested again. Labelling performance was compared to the
commercial software Nexus (Vicon, Oxford, UK).

Results and Discussion

When trained on existing labelled data, the labelling accuracy
was 99.6%. When trained on simulated trajectories, the
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accuracy was 92.8%, but could be increased to 97.1% by
updating the algorithm through transfer learning on labelled
data from one participant. Performance was comparable to the
commercial software, Vicon Nexus.

The labelling accuracy was better for movements contained in
the training set of simulated marker trajectories (97.2%) than
for those that were not (87.0%). However, the accuracy on
unknown movements was increased to 95% following transfer
learning. Additionally, markers were labelled successfully in
the presence of missing and/or extraneous markers, although a
large number of missing or extraneous markers did decrease
the accuracy.

The Python code and data required to generate simulated
trajectories for a custom marker set and to train the algorithm
on existing or simulated trajectories is available at
https://github.com/aclouthier/auto-marker-label. We have also
created a graphical user interface to perform the labelling and
make manual corrections as necessary (Figure 1).
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Figure 1: User interface that performs automatic labelling and allows
user to make any necessary corrections.

Conclusions

The proposed marker labelling algorithm is able to accurately
label motion capture markers without requiring any
participant-specific model calibration and can be improved as
data are collected, labelled, and used to update the algorithm.
The algorithm and provided user interface have the potential
to reduce the time and effort required to label motion capture
data, especially for those with limited access to commercial
software.
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Summary

Several deep learning-based pose estimation methods
(OpenPose, AlphaPose and DeepLabCut) were bench-marked
against full-body marker-based motion capture. Joint centre
locations between systems were evaluated during walking,
running and jumping.

Introduction

Biomechanics  research  traditionally relies  on vision-
based motion capture tools, either using regular video data
and manually annotating points of interest or using maker-
based motion capture systems. Deep learning-based pose
estimation methods are beginning to provide viable, non-
invasive alternatives to traditional motion capture. However,
markerless pose estimation methods were not developed
specifically for biomechanics applications, thus there is a need
to understand their performance in such settings against more
established techniques, such as marker-based motion capture.
The aim of this study was to evaluate the performance of
several open-source pose estimation algorithms against
maker-based motion capture during walking, running and
jumping.

Methods

Fifteen participants performed walking, running and jumping
activities wearing a full-body markerset (44 + clusters).
Marker data were captured using a 15 camera Qualisys system
(200 Hz) which was synchronised with 9 machine-vision
cameras (200 Hz). Image data from each machine-vision
camera were processed using OpenPose[ 1], AlphaPose[2] and
DeepLabCut[3]. 2D image plane coordinates from each pose
estimation method were back-projected into the 3D space,
where the intersect of the back projected rays were taken to
represent the 3D joint centre locations. Differences (mean +
SD) in joint centre locations were determined by computing
the 3D Euclidean distances between the marker-based
(regressed from markers on the segment) and markerless joint
centres. Additionally, 95% limits of agreement (LoA) values
were computed for the differences in hip, knee and ankle joint
centre positions.

Results and Discussion

For all three activities and methods, joint centre locations with
the lowest mean differences and SD were observed at the
ankle followed by the knee and hip, respectively (e.g., running
in Table 1). A large portion of these differences were
systematic in nature and likely represent systematic mis-

labeling of joint locations in the training data of the markerless
pose estimation methods. Additionally, the large random
errors that occurred were typically due to false positive
detections of joint centres or erroneous switching of
contralateral limbs by all pose estimation methods.

160 [ DeepLabCut
[ OpenPose
140 [ AlphaPose

120

=
=)
=]

Frequency

8

20 40 60 80
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Figure 1: Hip joint location error distributions for each method
during all activities.

The lowest mean differences were observed using AlphaPose,
followed by OpenPose and then DeepLabCut (Table 1 &
Figure 1). These results align with each method’s
performance on common computer vision benchmarks
(COCO, MPII). Further processing of pose estimation results,
e.g., outlier detection and inverse kinematics modelling, may
be required before acceptable results can be obtained for
biomechanics research applications.

Conclusions

OpenPose, AlphaPose and DeepLabCut were benchmarked
against marker-based motion capture. Large systematic and
random differences were observed for all methods but
AlphaPose exhibited the lowest mean errors. Researchers
should consider the accuracy and precision requirements of
their research applications before implementing these
markerless motion capture techniques.
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Table 1: Mean 3D Euclidean differences for lower body joint centres during running.

Mean Difference (Bias) (mm) +SD LoA (Bias + 1.96 SD)
OpenPose AlphaPose | DeepLabCut | OpenPose | AlphaPose | DeepLabCut | OpenPose | AlphaPose | DeepLabCut
Hip 37.95 34.60 45.26 9.41 5.98 9.92 56.39 46.32 64.71
Knee 38.04 41.73 72.45 12.74 21.95 78.04 63.00 84.75 225.41
Ankle 18.50 29.99 89.69 11.09 20.29 154.02 40.25 69.76 391.57
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Summary

Greater shoe tread wear leads to increased slip risk. There is
a need to standardize shoe replacement recommendations,
but shoe wear is complex as the rate at which shoes wear
varies across individual and shoe. This study found that the
shoe’s ability to disperse under-shoe fluids was positively
associated with the shoe outsole wear geometry, independent
of shoe type or individual. As such, shoe wear geometry may
be a good indicator for shoe replacement across workplaces.

Introduction

Slips, trips, and falls are a major problem accounting for
28% of occupational injuries [1]. Footwear and particularly
shoe outsole design are important factors for reducing slip
risk [2]. Previous work has shown that the rate at which shoe
tread becomes unsafe varies across individuals and shoe type
[3]. This may prevent the distance walked in shoes from
being an efficacious replacement recommendation.
Therefore, replacement guidelines based on the condition of
the shoe may be more advantageous.

Previous work by our group has applied lubrication theory to
worn shoes to predict under-shoe hydrodynamics (film
thickness) based on the worn region dimensions [4]. This
approach provided valid predictions for the hydrodynamics
for shoes worn via a controlled mechanical wear experiment
[4]. The aim of this research is to extend that work to
determine whether lubrication theory can predict changes in
under-shoe hydrodynamics for naturally worn shoes.

Methods

Fifteen participants were each provided with two out of three
types of slip-resistant shoes (shoes A and: B or C). A
pedometer on the shoes tracked the distance walked. The
under-shoe hydrodynamics (referred to as fluid force
hereafter) were tested at baseline and after each month worn
in the workplace. Fluid force was quantified from a robotic
slip tester that applied a simulated slip under fluid-
contaminated conditions (90% glycerol), while the load
supported by the fluid was measured with fluid pressures
sensors [5]. The shoe wear geometry was measured as the
longest and widest regions of continuous wear. The under-
shoe predicted film thickness (PFT) was calculated based on
the wear geometry length and width, fluid viscosity, sliding
speed, and vertical force [4].

Two repeated measures ANOVAs were used to assess
predictors of fluid force. The primary predictor in model 1
was distance walked (current wear standard), and in model 2
was PFT (based on lubrication theory/wear geometry). Shoe
type (A, B, C), and its interaction with distance walked/PFT
were also independent variables. Distance walked was
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square root-transformed and fluid force was natural log-
transformed.

Results and Discussion

Participants walked 103-2053 km in the shoes across 1-11
months (199 total subject-months). Fluid force increased
with the distance walked (F1276=140.0, p<.001) and PFT
(F1205=112.4, p<.001). The shoe type was significant in both
analyses (F22390=29.2, p<.001), (F2102=29.2, p<.001). An
interaction was observed between shoe type and distance
walked indicating the rate at which fluid force increased
varied per shoe type (F2273=7.5, p<.001). This effect was not
seen in the model with PFT (F2255=2.0, p=0.141).

80 op 80

Fluid Force [N]

0 500 1000 1500 2000 0 10 20 30
Distance [km] Predicted Film Thickness [um]

Figure 1: Fluid force vs. distance walked (left) and PFT (right) for
the three shoe types with exponential trendlines.

Film thickness predictions based on the shoe outsole wear
geometry consistently predicted increase in the fluid force
across shoe types. The distance shoes are worn predicts fluid
force though with greater variation across shoe type. Our
results suggest lubrication theory, based on wear geometry,
to be more versatile in predicting under-shoe hydrodynamics
across multiple settings, shoes, and individuals than distance.

Conclusions

PFT based on outsole wear geometry was found to be a valid
tool for assessing loss in fluid drainage capacity in naturally
worn regions. Thus, this study shows that the previously
developed models [4] are valid in the context of natural
wear. This adds to the growing body of evidence for
monitoring shoe wear based on the dimensions of the worn
region rather than a time or distance walked measurement.
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Summary

Over the last few years, the Leap Motion Controller (LMC)
is progressively used in clinical environments to track hands,
wrist and forearm positions as an alternative to the gold-
standard motion capture systems. We compared performance
of the LMC against gold-standard motion capture system to
to validate reliability of LMC. The two systems were time
synchronised and performance validation was conducted for
static as well as dynamic conditions i.e flexion and extension
movements for all fingers. The study shows that currently,
the LMC, is not yet suitable to replace gold-standard motion
capture systems in clinical settings.

Introduction

The LMC device is a portable, marker-less motion capture
system, and is often used as a low-cost alternative to
standard marker-based motion capture systems, specially in
clinical environments. The LMC is designed to track elbow,
wrist, and finger joint positions. Few studies have attempted
to validate the LMC against standard marker-based motion
capture systems [1-3]. It is evident that the LMC is being
used in a variety of applications, however, there is a lack of
validation and replication studies with regards to clinical
acceptance of this low-cost marker-less device. Specifically,
there is a gap in evaluation of performance of LMC with
respect to finger kinematics, as well as, lack of synchronised
validation of LMC with a gold-standard motion capture
system.

Methods

Ten right-handed subjects (6 male and 4 female) of mean age
of 26.8 years were recruited for this study. The experimental
protocol was completed successfully.

Ten Oqus 500 motion capture cameras (QTM; Qualisys,
Goeteborg, Sweden) placed at appropriate locations, were
used at a frame rate of 150Hz. The LMC generally is pre-
calibrated, however, it was calibrated again with a
calibration score of 95. Higher calibration score yields better
stable measurements.

The two data acquisition systems were time synchronised as
each system streams data with different sampling frequency.
All participants performed a static trial and series of flexion/
extension tasks. Instructions were prompted on the screen
and all tasks were randomised. Two trials per subject were
conducted. In each trial, the subjects performed
flexion/extension movements three times. Overall, there
were 10 successful static trials, and 120 dynamic trials.

Results and Discussion
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The figure 1(A) shows a BA plot for MCP joint with a
negative bias of 1.25°with r = -0.3963, P = 0.1152. Panel
1(B) shows a negative bias of 1.1° with r = -0.1062, P =
0.6894 of PIP joint. Lastly, Panel 1(C) shows a positive bias
of 0.1° with r = -0.0384, P = 0.8835 of the DIP joint. During
the index finger flexion movement, none of the joints
demonstrated a positive correlation between the two
measurement systems [4].

Figure 1: Bland-Altman plot for Index finger flexion, (A) MCP
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Conclusions

The LMC device has the potential to replace maker-based
motion capture technology, however, it requires significant
programming knowledge to extract data from the device for
offline analysis. The variable sampling frequency is till a
major problem with LMC when conducting such validation
studies. At this juncture, we conclude that the LMC is
acceptable in static conditions, however, for dynamic cases
further validation studies are warranted.
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Summary

The intrinsic stiffness and damping of muscle are of great
importance for force generation and stability. We present a
muscle model with a force response dominated by a spring-
damper in the short term but converges to a Hill model over
time. The spring-like quality of the proposed model results in
a gain and phase response that more closely follows
biological muscle in the frequency domain than a Hill model.

Introduction

The intrinsic stiffness and damping of muscle vary linearly
with activation [1] and are used by the central nervous
system to stabilize the body’s posture [2]. In this work, we
present a muscle model that can reproduce the force-velocity
[3] and force-length [4] properties by construction, and has
stiffness and damping similar to biological muscle.

Methods

We model the musculotendon unit as a scaled half-sarcomere
acting at a pennation angle of a to a rigid tendon (Fig. 1).
The myosin filament attaches to the actin filament through a
single lumped cross-bridge that attaches to the actin filament
at a distance of €° from the Z-line. The intrinsic stiffness (K*)
and damping (B*) of the lumped cross-bridge varies linearly
with activation and the amount of overlap between the actin-
myosin filaments. The attachment point 05, is driven at the
acceleration-level primarily by the force imbalance between
the spring damper and a Hill-type muscle model

dv¥/dt = [ KX+  —a f(03+LY) £'(v%) 1T - B%V° ()
where ‘v’ stands for velocity, and T® is a time constant.
Given enough time, Eqn. 1 will drive €° to a length, velocity,
and force consistent with the embedded Hill model. In the
short term, the finite value of T ensures that the spring-
damper system dominates the model’s force response. We

X LM eeE
iz
—_—L )
2 (1o ! (PEVK = LoD i
Z-line i M-line Z-line

Figure 1: The proposed muscle model with a lumped cross-bridge
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Figure 2: The frequency response of the models, Kirch et al.'s [1]

processed data, and the spring-damper of best fit to the data.

simulate the experiments of Kirch et al. [1] and compare
frequency domain responses of our proposed model and a
Hill model [5] to Kirch et al.’s [1] results.

Results and Discussion

The gain and phase of both the proposed model and Kirch et
al.’s analysis feline soleus [1] resemble the gain and phase
curves of a spring-damper (Fig. 2A & 2B). In contrast, the
gain and phase coefficients of the Hill model are scattered,
due to the non-linearity of the model, and differ widely from
Kirch et al.’s [1] observations (Fig. 2C & 2D).
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Summary

Numerous articles and Hill-type muscle-tendon (MLT)
models have been proposed in the past fifty years providing a
rich but dense and thus hard-to-explore literature. This work
presents the findings of a systematic review on skeletal MLT
Hill-type phenomenological models. Current underdeveloped
modelling aspects and other limiting factors for the field, such
as inter-study inconsistency in terminology and notations, or
scarcity of open-source models, are identified and discussed.

Introduction

Hill-type models [1,2] are computationally fast and fairly
accurate models of muscle dynamics that are currently
included in all biomechanical simulation platforms. As their
popularity has increased in the last 50 years, they have become
the subject of a dense literature that would gain from a
contemporary assessment of the state-of-the-art, since the last
milestone reviews date back 20-30 years [2,3]. This work
offers such assessment by presenting the conclusions of a
systematic review on phenomenological MLT Hill-type
modelling aiming to identify current limitations and evaluate
if updated recommendations would be beneficial to the field.

Methods

A systematic search of 20 key terms was performed on four
online databases (PubMed, Web of Science, MedLine,
EMBase). The eligible studies retained for review contained
skeletal MLT Hill-type models including at least components
for the neural controller, active and passive MLT properties
and one methodological contribution (no duplicates). Each
eligible model was first assessed for completeness against 23
possible phenomenological properties (Figure 1), for each of
which inheritance diagrams representing the time-evolution of
the published modelling approaches were created. The studies
were finally scored on their methods for MLT model
validation, calibration, reusability, and modelling strategy.

Results and Discussion

The systematic search yielded 478 studies including a Hill-
type model among which 60 were eligible studies. Around
75% of the eligible models did not deviate from the traditional
Hill-type modelling approach outlined in few classic studies
[1-6]. Most used a linear activation-scaling of activation-
independent Force-Length (FL) and Force-Velocity (FV)
relationships [4], a first-order two-parameter differential
equation for the activation dynamics [5], an instantaneous FL
property with descending limb instability, exponential passive
properties [4], and Hill’s concentric and Mashima’s eccentric
instantaneous hyperbolic FV relationships [1,6]. Most models
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did not account for accuracy-sensitive mechanisms such as
time-history dependent properties (20% of the eligible
models), motor unit recruitment dynamics (20%), or
activation-dependency of the optimal fibre length (3%). We
interpreted this as symptomatic of the limited reusability of
the eligible models due to inter-study inconsistencies in the
terminology and the notations, scarcity of open-source models
(10%) and lack of good practices like validating simulations
against experimental data (50%), providing objective
quantitative or statistical analyses of the results (40%) or
calibrating parameters using subject-specific data (50%).

‘60 Hill-type muscle-tendon (MT) models‘
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60 eligible Hill-type models. Black font: elements; blue font:
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Conclusions

A review of 60 representative Hill-type muscle models
unveiled that most models did not build upon previous
advances, limiting further modelling innovations and the
reassessment of older models. Recommendations aiming to
standardize notation and terminology, clarify modelling
assumptions and promoting model validation and sharing,
could prove beneficial to the field.
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Summary

Motor-unit (MU) physiology is fundamental to understanding
skeletal muscle function and human movement. Continuum-
mechanical, macroscopic muscle models often provide
insights not practically obtainable via experimental
techniques. Most of these models, however, neglect the spatial
distribution of MUs and therefore may oversimply muscle
function. Here, we present a method to generate and
incorporate physiological MU information within such
models and demonstrate it via a prototype musculoskeletal
model. We found that muscle deformation, pressure, and joint
force were highly sensitive to MU distribution. This
exploratory study highlights the importance of MU
distribution in predicting muscle and joint function.

Introduction

Motor-units (MUs) are often restricted to sub-regions of a
skeletal muscle, and their selective recruitment is partly
responsible for the functional heterogeneity of muscles. That
is, the same muscle may produce various “lines of action”
depending on the subset of recruited MUs. To capture this
phenomenon, we first present a method to incorporate
micromechanically based MU activity and distribution within
continuum-mechanical muscle models and second, to
demonstrate the method via a prototype model of the
masticatory system.

Methods

Constitutive modelling of skeletal muscles. The mechanical
behaviour of the skeletal muscle is based on [1] and additively
splits the active stress Sycr(ay) from the passive response.
The muscle activation parameter a,, € [1,0] is decomposed
according to ay(t,X) = Z?’Mu a;(t) x;(X), where a; and k;
are, respectively, the temporal activity and spatial (fractional)
distribution of MU i, and Ny, is the number of MUs.

Computing & integrating motor-unit information. Taking a
scalar excitatory drive as an input to the MU pool, individual
MU activities «; are computed via a recruitment model
coupled with cross-bridge and calcium dynamics models, e.g.
[2]. MU distributions are computed by (i) reconstructing the
microstructure in the muscle, (ii) assigning the (reconstructed)
fibres to MUs via a novel algorithm (to control MU position,
overlap, size, etc.) and (iii) homogenising the innervated
microstructure within the FE mesh to obtain the fractional
distribution x;(X) of the MU.

Simulation trials. A masticatory system model, including the
mandible and masseters, was used to simulate sub-maximal
(34/50 MUs recruited) static bites. Only the MU distribution
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was varied between trials, and the bite forces were used to
quantify variations in motor-output. An additional simulation
with spatially uniform MUs was carried out, representing the
traditional modelling approach.

Results and Discussion

The distribution of the recruited MUs dictated active muscle
stress (Figure 1). The range in peak bite forces for all MU
distributions was 5N with a mean of 146N. Bite force angle
(in the horizontal plane) exhibited a more drastic variation,
with a range of 40° and a mean of —86° (—90°is oriented to
the left). Such changes in the bite force can be explained by
MU territory and masseter architecture. Since masseter fibre
orientation and geometry are not uniform, changes in regional
contraction influence the bite force. The traditional modelling
approach yielded a steadier force, directed along the
“average” fibre orientation of the masseters.

(a) (b)

Figure 1: (a) MU territories in right masseter; MU 1 (dark blue) to
50 (dark red); recall only MUs 1-34 are active. (b) Sy over the
masseter cross-section at the same time instance; OMPa (blue)

to IMPa (yellow)
Conclusions

Our method to enrich a continuum-mechanical model with
MUs captured nuances in motor-output that were not possible
with a traditional modelling approach.
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Summary

Unlike whole muscle active length-tension properties, passive
mechanical properties do not scale from the sarcomere to the
whole muscle level. The source of this non-linear scaling is
largely unknown. Thus, the purpose of this study was to directly
measure muscle passive mechanical properties and then use
modeling to identify potential sources contributing to non-linear
scaling from fascicle to whole muscle. This study demonstrates
that to accurately model muscle passive mechanical properties
muscle-specific intramuscular model parameters must be
included within models. Unfortunately, the actual structures that
represent these mathematical terms are not currently clear.

Introduction

Generic whole muscle active length-tension properties with
architecture parameters accurately scale from the sarcomere to
the whole muscle level [1], but interestingly, in mammalian
muscle, passive mechanical properties do not [1,2,3]. Recent
work in rabbit muscle demonstrated that fiber, fiber bundle and
fascicle mechanics did not simply scale to whole muscle
mechanics [3]. We believe that this non-linear scaling is due to
the poorly appreciated intramuscular connective tissues that
increase with increasing scale. Thus, the purpose of this study
was to measure whole muscle passive mechanical properties and
use modeling to identify potential sources contributing to the
non-linear scaling observed from fascicle to whole muscle.

Methods

Passive mechanical properties from three muscles of varying
architecture and function were measured in 12-week C57BI6
mice: rectus femoris (RF; n=6), semimembranosus (SM; n=6),
and tibialis anterior (TA; n=5). Muscles were dissected, attached
to a small IN force transducer, and lengthened in static ~0.5mm
increments. Muscle passive force was normalized to
physiological cross-sectional area and muscle deformation
converted to strain. These data were exponentially fit and curves
were averaged to create a single exponential describing each
muscle’s passive stress-strain relationship (Fig. 1A).

To investigate potential sources contributing to the passive
mechanics of muscle, we developed nine different Hill-type
models of progressively increasing complexity. These models
were created by sequentially including the fascicle passive

property in the form of %(ebs — 1), a parallel element elastic

element (cm) across the whole muscle, and an inter-fascicular
shear factor (7,,) resisting fascicle rotation, that were either
generic or muscle specific (Table 1). For each model, parameters
(a, b, cm, and 1,,) were optimized in MATLAB to minimize the
sum of the squared error (SSE) between the muscles” modeled
stress-strain curve and the experimentally fit curve (Table 1).

Results and Discussion

Model 1 replicates most current muscle models that use a generic
fascicle stress-strain curve scaled by architecture (Fig 1B). It
provides a first approximation of each muscle’s passive
properties. However, it is clear that, to accurately replicate each
muscle’s mechanics, additional muscle-specific parameters are
needed. Model 2 with muscle-specific fascicle properties had the
lowest SSE and was able to replicate the previously fit curves
(Fig 1C). However when incorporating other potentially
physiologic relavant parameters we observe the best fits across
muscles for models 3, 4, and 7 (Figs. 1D). Apart from model 2,
the next best fit was model 4, using both muscle specific fascicle
and parallel connective structure properties. To our surprise, the
addition of shear did not improve the fit of any model.

Model 1

A Experimental Data and Fit Curves B

Muscle Stress (KPA)
Muscle Stress (kPA)
2 & &t 5 &8 3

Muscle Strain

D Models 3,4, & 7

; P
Model 4 £, Models 3 & 7
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Figure 1: A) Stress-Strain data and fit curves average (solid lines) £SD
(shaded region) for RF (red), SM (black), and TA (blue). Stress-strain fit
curves with B) Model 1, C) Model 2, and D) Models 3, 4, and 7 in dashed
lines, with experimentally fit curve in solid lines £SD in shaded regions.

Conclusion

These results demonstrate that, to accurately model muscle
passive mechanical properties, muscle-specific intramuscular
model parameters must be included. To a first approximation,
architectural parameters helps, but in order to provide high
resolution properties, additional terms are needed. Unfortunately,
the precise structures that represent these mathematical terms are
not currently clear and are the subject of ongoing investigations.
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Table 1: Summary of Model Parameters and Total Sum of Squared Errors

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 Model 8 Model 9
Fasicle Propeties Generic Specific Generic Specific Generic Generic Generic Generic Specific
Parallel Elastic Element - - Specific Specific - - Specific Specific Specific
Shear Factor - - - - Generic Specific Generic Specific Specific
Total SSE 14738.69 0.04 5339.33 3145.45 14738.69 10514.17 5631.317 15511.35 28287.86
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Summary

The aim of this study was to investigate length and lever arm
(LA) variations of scalenus anterior (SAnt), medius (SMed)
and sternocleidomastoid (SM) muscles in respiratory
movement. We used a 3D modelling approach combining in
vivo costovertebral joints kinematics from 12 asymptomatic
adults and a generic model of the cervical spine (GMCS)
scaled to in vivo data. Absolute and relative change in muscles
length and LA relative to the helical axis of the first
costovertebral joint was computed. Quantitative data and
related 3D representation of the biomechanical features were
obtained. Results showed that all muscles shortened during
inspiration while LA increased.

Introduction

SAnt, SMed and SM muscles may be involved in various
musculoskeletal and/or respiratory disorders. Biomechanical
features such as moment generating capacity of these muscles
were previously explored during cervical movements [1] but
the effect of respiratory motion on length and LA is still to be
determined. Therefore, the aim of the present study was to
determine length and LA of the muscles of interest using 3D
modelling approach.

Methods

Previously published kinematic data [2] computed from
CTscan performed at three different lung volumes (TLC: total
lung capacity, MIC: middle of inspiratory capacity and FRC:
functional residual capacity) were used in the present study.
3D bone models and breathing kinematic data (ranges of
motion, mean helical axis (HA) location and orientation) were
combined to a GMCS. With LHPFusionBox software
(http://Thpfusionbox.org), anatomical landmarks (AL) were
positioned on each 3D bone model for registration and at the
insertion sites of each muscle of interest for measurements on
the first rib and on the sternum. The GMCS was then
registered on the individual first thoracic vertebra of each
subject using similarity transformation. (Figure 1 A). Finally,
length muscle and LA according to the HA of the first
costovertebral joint were computed (Figure 1 B) using direct
method [3]. The relative variations were calculated as a
percentage of the FRC reference position.

Results and Discussion

Globally, all muscles displayed an increasing length
associated to a shortening of the LA from TLC to FRC.

Absolute length variation was greater for SM (9.1+4.1mm)
and smaller for SMed (7.1+3mm). The maximal relative
length variation ranged between 5.3£2.5% for SAnt and -
8.9+3.6% for SM. Besides, LA ranged between 30.2 and
41.3mm at TLC and from 25.1 to 32.5mm at FRC for SAnt
and SM respectively. LA displayed also the maximal change
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Figure 1: A: Left:
GMCS with ALs on
insertion sites and Thl;
Right:  Upper thorax
model with ALs on Th1.
B: 3D visualization of
I SAnt and SM  with
2" results of length and LA
over the breathing
cycle (right).
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for SM (8.8 = 4.9mm) and minimal for SMed (5.1£2.5mm).
The relative LA variations ranged between 22 + 18.3% and 35
+ 38.7% for SAnt and SMed respectively. Note that the
greatest variations of both length and LA occurred between
MIC and FRC (i.e under 50% of the inspiratory capacity) and
can be explained by the greater range of rib motion during this
phase [2]. Considering the relative change in muscle length,
this result combining a GMCS and in vivo rib kinematics are
in line with previously published results [4]. Prior work [1]
reported scalene muscles maximal LA close to 20mm for
lateral bending of the cervical spine while the present study
showed a minimum of 25.1mm for respiratory contribution.
About the SM, the present minimal LA of 32.5mm represent
approximately 50% of the value obtained for lateral bending
of the cervical spine (55mm) and 200% of the value reported
for axial rotation (15mm).

15 10 5 0 5 10 15

E——

B TLC-MIC W MIC-FRC ETLC-FRC

Figure 2: Mean difference in length/LA in millimeter of each muscle
of interest between each respiratory position.

Conclusions

Length and LA changes of SAnt, SMed, and SM muscles
during respiratory movement were quantified using a
modelling approach. All muscles shortened during inspiration
while LA increased Further research will explore interaction
of respiratory mechanics in clinical conditions.
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Summary

This abstract presents the estimation results of lower limb
joint moments using a long short-term memory neural
network. The network was trained using linear accelerations
and angular rates of the lower limb segments on predicting
hip, knee and ankle joint moments during fast sidestepping.
Data were obtained from 3D motion analysis. The average
prediction accuracy is > 0.8. The results are promising and
indicate the possibility to apply neural networks for real-time
feedback.

Introduction

A majority of collected biomechanical data from clinical and
sports research is used to retrospectively analyze a
participant’s movement and the associated joint loading.
Hence, direct feedback to the participant is limited due to the
time arising from postprocessing and running musculoskeletal
models. The application of neural networks and the
development of inertial measurement units (IMUs) with direct
output of linear acceleration and angular rate could provide
the opportunity to estimate joint loading in real-time since no
such data processing is needed. Long short-term memory
(LSTM) neural networks are processing time series
successively. This eliminates the need for time normalization,
which is key for real-time applications. This study aimed to
evaluate the ability of an LSTM neural network to predict
joint moments from simulated IMU data in real-time.

Methods

Due to the limited availability of IMU data, linear acceleration
and angular rate were simulated from a marker-based motion
analysis study. Training a neural network based on these
allows for the direct transition to measured IMU data when
applicable [1]. The dataset consists of the 3D kinematics and
kinetics of 67 healthy athletes (631 trials in total) during full
effort 90° sidestepping [2]. To train the LSTM the linear
acceleration and angular rate of the lower limbs was simulated
and 3D joint moments from the touch-down of the execution
to the take-off of the depart contact were extracted.

The dataset was split subject-wise into training (50 athletes),
validation (8 athletes), and test set (9 athletes) for five-fold
cross-validation. An LSTM neural network was trained on the
time series. Different network architectures and
hyperparameters were tested using a hyperband search [3].
The prediction accuracy of the network was evaluated on the
test set only, assuring that these data were unknown to the
network, and was measured using the root mean square error
normalized to the range of the data (nRMSE) and the
correlation coefficient. For this purpose, the time series were
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split into execution and depart contact and normalized to the
stance phase.

Results and Discussion

The hyperband search resulted in a single layer with 1024
LSTM cells to perform best. The initial learning rate was set
to 0.0003, the activation function tanh, and dropout to 0.7.
The mean nRMSE of the execution step was 21.0% and 19.6%
for the depart contact. The correlation coefficients were 0.8
and 0.9, respectively. Higher prediction accuracy was reached
for the sagittal plane motion. The ankle joint rotation shows a
low accuracy. The prediction accuracy for the depart contact
is generally higher (Figure 1). These results are in accordance
with previous studies [4,5]. The prediction accuracy in the
main motion plane is generally higher due to the lower
variance. Additionally, the minor motion planes do not
necessarily show consistent behaviour in joint moment
progression throughout all participants, which makes the
prediction more difficult, especially based on a small dataset.
As LSTM networks learn datasets successively, the first
frames, which are part of the execution contact, are more
difficult to predict than later ones, resulting in higher
prediction accuracy of the depart contact.

100 hip knee ankle

Figure 1: Violin plots of the nRMSE for all lower limb joints and
motion planes for the execution (blue) and depart (green) contact.

Conclusions

Although further reduction of the prediction error needs to be
achieved, the results are promising and show the general
power of neural networks to develop motion analysis towards
feedback applications.
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Summary

In this study, we predicted knee joint moments during walking
from as few as 4 EMG sensors with a long short-term memory
(LSTM) neural network by taking advantage of lower
extremity muscle synergies. Results indicate that predicting
joint moments from muscle synergies can reduce the number
of EMG inputs required, with lower prediction error than
predicting directly from EMG signals.

Introduction

Wearable sensors, i.e., electromyography (EMG) and inertial
measurement units, can facilitate real-time detection of
movement intention, estimation of appropriate torques in
assistance-as-needed exoskeleton control, and even remote
monitoring of patients’ motor function, i.e., estimating joint
torques and observing muscle activations during rehabilitation
[1]. In these settings, it is important to minimize the required
number of sensors in order to achieve practical applicability.
To this end, the concept of muscle synergies has been useful
in predicting unmeasured EMG signals within a measured
subset [2] as well as in exoskeleton feedforward control [3].
The objective of this study was to identify and use muscle
synergies to predict knee joint moment during walking in an
LSTM network using a minimal number of EMG sensors.

Methods

Ten EMG signals (gluteus maximum, vastus medialis and
lateralis, semitendinosus, biceps femoris, medial and lateral
gastrocnemius, soleus, tibialis anterior, and rectus femoris)
and knee joint moments during normal gait in six able-bodied
subjects were collected through motion capture (Vicon
cameras, AMTI force plates, Myon nano EMGs). Between 4
and 6 muscle synergies (nms) were identified from the 10 EMG
signals using a non-negative matrix factorization (NNMF)
algorithm. Two outputs were generated after NNMF — a
weights matrix Wnemgxnmsand time-dependent synergy action
signals Hy,  xn,;. .- The synergy action signals were then used
as inputs to train an LSTM neural network prediction model.
After training, the synergy action signals were then estimated
with 4-7 EMG signals and the weights matrix using a non-
negative least squares algorithm, and then used as inputs to
evaluate the prediction performance. Four different testing
conditions were conducted; predicting knee moments using
the synergies-trained LSTM network from 1la) synergies
estimated from all 10 EMG signals, 1b) synergies estimated
from 4-7 EMG signals, as well as predicting knee moments
using an LSTM network that was trained on the EMG signals
directly, i.e., not trained with synergies, from 2a) all 10 EMG
signals directly, and 2b) between 4-7 EMG signals. For

different EMG subsets, performance from both synergies-
based and EMG-based predictions were compared with
measured knee moments. Root-mean-square error (RMSE) of
knee moment, as a percent of knee joint moment range, was
used to assess the error between predicted and measured knee
joint torques.

Results and Discussion

The model that takes
advantage of muscle
synergies predicted knee
moments accurately
(Figure 1) and with lower
prediction error than the

0.8 == Measurement

0.4

02

Knee Joint Moment (Nm/Kg)

Synergies trained prediction with 10 EMGs
06 == Synergies trained prediction with 4 EMGs

model that used EMG P P ps po =
signals directly. In the % Gait Cycle
synergies-trained LSTM
model, when as few as 4
EMG signals were used as inputs, knee moments were
predicted with lower prediction error when predicting from 4
muscle synergies than that predicting from 5 and 6 muscle
synergies (Table I), i.e., in an LSTM trained on 4 muscle
synergies identified from 10 EMGs, knee moment could be

accurately predicted using as few as 4 EMGs sensors.
Table I Average prediction RMSEs (% knee moment range)

Figure 1. Measured and synergies trained
predicted knee moments in 1 subject

10 EMGs | 7TEMGs | 6 EMGs | SEMGs | 4 EMGs
4 synergies 5.85 435 4.42 4.48 4.48
5 synergies 5.67 5.07 5.17 571 7.48
6 synergies 4.70 4.54 4.73 5.85 7.85
No synergies 6.04 5.63 6.05 5.84 5.74
Conclusions

Taking advantage of muscle synergies can result in accurate
joint moment prediction with fewer EMG sensors. By training
an LSTM to predict joint moments from muscle synergies,
rather than from EMG signals as independent observations,
accurate prediction can be achieved with fewer EMG sensors.
We believe this method can facilitate exoskeleton control and
rehabilitation devices in daily uses by achieving accurate
moment prediction with a minimum of wearable sensors.
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Summary

Measuring joint kinematics is a key requirement for a variety
of biomechanical research and applications. While x-ray
systems avoid the soft-tissue artefacts arising in optical
systems, extracting an object’s pose (translation and rotation)
from the images is time-consuming, expensive, and operator-
dependent. Based on 106’000 annotated images of knee
implants collected using our moving fluoroscope during
activities of daily living, we trained a deep-learning model to
automatically estimate the poses for both implant
components. By pretraining one stage of our architecture on
renderings of the implant geometries, our approach offers
predictions for unseen subjects personalized to their specific
implants. In 90% of the test set, which included heavily
occluded samples, our approach predicted both components’
poses better than 2mm (in-plane translation), 25mm (out-of-
plane translation), and between 1.5° and 3° (all Euler-angle
rotations) without any additional user intervention.

Introduction

X-ray systems directly measure the skeletal structure and
yield a series of x-ray images, from which the 3D kinematics
are conventionally estimated by acquiring the 3D information
and manually adjusting the object’s pose until its projection
matches the image. Even for high-contrast structures such as
joint replacements, this process is time-intensive, expensive,
and operator-dependent.

While automation methods for this task have been developed,
their need for approximate poses means that extensive manual
work is still required in practice [1,2]. Deep learning has
recently achieved impressive results for pose estimation tasks,
but requires large datasets including the annotated poses. With
the aim to develop an accurate, automated, and personalized
approach for 2D-3D registration, this study aims to take
advantage of our unique dataset of 106’000 annotated images
[3] to a) apply deep learning to pose estimation of knee
replacements from x-ray images and b) personalize this
process by considering the subject’s particular implant
geometries.

Methods

We split the 53 tibia/femur combinations in our dataset into a
training- (90%) and test-set (10%). The network (Figure 1)
consisted of a) a generic "shadow" network to extract the
implant shadows from the image and b) a personalized
"synthnet" network to estimate the poses from these shadows.
Here, the intuition is that a human could extract the shadow
solely by noting the components’ absorption and recognizing
the surrounding structures, while estimating the pose from this
shadow requires the implant geometry. By pretraining a
synthnet for each implant geometry on renderings in varying
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poses, the synthnets learn what landmarks indicate what pose
for a certain implant. Next, we trained the shadownet on our
training-set by loading the correct synthnet with frozen
weights for each sample, and performing backpropagation.

‘ implant geometries

shadow

4
£
:
2

pose (12 DOF)

Figure 1: The network architecture. The synthnet is pretrained on
renderings of the implant geometries in varying poses.

Results and Discussion

In-plane translations were predicted to within 2mm (about 3
pixels) in 90% of testsamples, while out-of-plane translations
were only predicted to within 25mm because a change in this
component only leads to a small change due to perspective
(Figure 2). Because our approach struggled to extract the
shadow from occluded images, we propose to iteratively feed
the rendered shadows based on the estimated poses back into
the shadownet to provide approximate information on the
shadow it should be looking for.
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Figure 2: Testset-error between predicted and true translations
Conclusions

Our approach can either provide starting poses to other
algorithms [1,2] or can be used directly to estimate poses from
x-ray images in a personalized and automated manner, thus
avoiding the laborious and expensive task of manually
estimating the poses for each image.
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Summary

A marker-less motion capture system designed based on four
digital video cameras, novel deep learning techniques, and a
dedicated dataset, is evaluated against a marker-based system
in terms of spatiotemporal and kinematic gait parameters. The
results indicate that the marker-less system is highly accurate
for measuring spatiotemporal parameters; however, further
improvement is required for some kinematic parameters if
clinical applications are targeted.

Introduction

The effectiveness of clinical gait analysis is supported by the
literature [1]. The gold standard systems are marker-based.
However, their routine clinical use is limited to a few
specialized centers mainly because of equipment and
operating costs. Marker-less systems could be cost-effective
alternatives. Deep learning techniques have demonstrated
their potential on publicly available datasets for marker-less
motion capture [2]. However, these techniques have not yet
been adapted and assessed for 3D marker-less gait analysis.
We aimed to design a marker-less system based on deep
learning techniques and assess its performances in terms of
gait outcomes.

Materials and Methods

The marker-less system was designed based on four calibrated
and synchronized digital video cameras and a convolutional
neural network (CNN) [2] that could estimate sixteen joints'
3D position. A novel dataset dedicated for gait study, was
collected to train the CNN and test the marker-less system.
Twenty-two asymptomatic, two adults with spinal disorder
and seven children with bone disease, aged from 6-44 years
performed ten walking trials, while being recorded by the
marker-less and a reference marker-based system (VICON®).
Biplanar radiographs (EOS®) were also acquired to improve
the accuracy of anatomical frames determination according to
the protocol published in [3].

The marker-less system was assessed on the test set (12
subjects including 4 pathological) in terms of gait parameters.
A gait event detection algorithm [4], designed for marker-
based systems, was adapted for the marker-less system. Then,
spatiotemporal parameters were computed based on detected
gait events. For kinematic parameters, since the marker-less
system could only estimate one axis for each bony segment,
to form an anatomical frame, the second axis was determined

using a priori knowledge — the gait data of sixty-six subjects,
independent from the training and test sets, were used.

Results and Discussion

The difference between the gait parameters obtained by the
marker-less and the reference systems is shown in Table 1.
The biases of the spatiotemporal parameters were close to zero
(<0.1cm or sec), and the limits of agreement were smaller than
the minimum detectable changes reported in [5] (e.g., step
length: 1.56 < 6 cm). Thus, the designed system is accurate
enough for measuring spatiotemporal parameters. Regarding
kinematic ones, the limits of agreement of the joint-based (JB)
knee extension-flexion angle, i.e., the angle between the
femoral and tibial segments was below 5°. However, knee and
hip extension-flexion were higher than 5°. Indeed, the main
limitation of the marker-less system was that it could only
estimate the joint positions. Work is in progress to further
develop the system to accurately determine anatomical
frames, paving the way for using marker-less systems in
clinical gait study.

Figure 1: Joint positions by the reference and marker-less systems.
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Table 1: The difference between the gait parameters obtained by the marker-less system and the reference system.

Spatiotemporal parameters Kinematic parameters (°)
Parameter Step length (cm) | Step width (cm) | Step time (sec) | JB knee ext.-flex. | Knee ext.-flex. | Hip ext.-flex.
Mean -0.06 0.00 0.00 0.0 -34 2.6
Limit of agreement 1.56 0.72 0.01 4.8 7.2 15.6
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Summary

Conventionally, detecting gait events, such as initial contact
(IC) and toe-off (TO), from kinematic data is performed
through manual annotation or kinematic algorithms — both of
which are operator-dependent and require substantial user-
intervention. While Machine learning (ML) offers a data-
driven alternative for detecting gait events in an automated
manner, little is known about the performance for specific gait
patterns, such as toe-walking. This study examined how well
ML was able to detect gait events for different gait patterns by
using a variety of foot-markers. Over 95% of the test-set, our
approach detected gait events to within 15ms (IC) and
23ms (TO) when using the hallux and heel markers. While
performance across all gait patterns did not improve when
using other markers, performance on individual gait
patterns varied up to 8ms. Thus, depending on the target
population, different marker-sets are required to detect gait
events in a repeatable and fully-automated manner.

Introduction

Clinical gait analysis is used to diagnose neuromotor deficits
in pathologies such as Cerebral Palsy. This analysis requires
the accurate detection of gait events, particularly IC and TO.
In current clinical practice, experts have to manually detect
these events based on kinetic (requiring force plates) or
kinematic data, which is laborious, expensive, and operator-
dependent. While ML techniques [1] have recently
demonstrated promising results for detecting gait events using
3-D kinematic data, little is known about their performance in
individual gait patterns (e.g. toe-walking). Furthermore, the
effect of using different markers as inputs for the detection
algorithms also remains unclear, which has significant
practical relevancy as the number of kinematic markers and
their locations can vary considerably.

Therefore, the goal of this study was to investigate a) how well
ML is able to detect gait events in various gait patterns from
foot-marker kinematics, and b) what combination of marker
inputs optimises the performance for each gait pattern?

Methods

3-D kinematic and kinetic data were collected from 363
adolescent participants (Age: 11.76+£3.16 years) who
performed barefoot walking at a local hospital. The true
events were found by setting a threshold of 20N for the
vertical ground reaction force. This notably differs from
similar works [1], in which the true events were identified by
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manual annotation. To avoid overfitting, we assigned 80% of
the data to the training-set, 10% to the validation-set used for
hyperparameter tuning, and 10% to the test-set. Each gait
event was categorised based on whether the heel, midfoot, or
forefoot touched the ground first, yielding 5340 IC and 4937
TO events with a ratio of about 4:2:1 between categories. The
network consisted of a bidirectional long short-term memory
(LSTM), a fully connected output layer, and a sigmoid
activation function. The time-series of marker positions and
velocities were cut to a length of 165 frames around the true
event with a random offset and used as inputs to train the
model with an ADAM optimiser (learning rate=0,
momentum=0) and a binary-weighted cross-entropy loss.

Results and Discussion

Input - IC Overall Heel Midfoot Forefoot
HLX,HEE
HLX,HEE,PMT5

TOE,HEE
TOE, HEE,PMTS
PMT5 TOE,HLX,HEE
Input-TO Overall Heel Midfoot Forefoot
HLX,HEE 29
HLX,HEE,PMT5S 29
4 TOEHEE 30
A W TOE HEE PMTS 34
N TOE,HLX,HEE 30

Figure 1: Marker placement on foot (left), Heat-map
distribution of detection error in milliseconds (right)

Over 95% of the test-set, our approach detected gait events to
within 15ms (IC) and 23ms (TO) when using only the hallux
and heel markers (Fig. 1). These values are to be compared
with an inter-rater variability of 25ms for manual annotations
[1] and of 33ms for kinematic event detection [2]. While the
use of other markers did not improve performance over all gait
patterns, performance on individual patterns varied up to 8ms.
Our results thus suggest that gait event detection could be
improved by first identifying the gait pattern, and then
choosing the optimal markers for this specific pattern and
applying the appropriate detection algorithm. By training
specialised algorithms for each gait pattern, the performance
could be increased even further, thus ultimately providing
optimal gait event detection in a repeatable and fully-
automated manner.
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Summary

With a decrease in runs scored, Major League Baseball
(MLB) commissioned the American Sports Medicine
Institute to conduct a biomechanical study looking at a
potential change to height of the pitching mound.

Introduction

In 1903, the pitching mound was restricted to a maximum
height of 15in. Following the 1968 season (“The Year of the
Pitcher”), MLB lowered the mound to 10in in hopes of
boosting run scoring!2. This seemed to work, as the number
of runs scored bumped up in 1969 and remained relatively
constant through the rest of the 20" century. However, from
2000-2014, there was a steady decrease leading to thoughts
that the mound should be lowered again to boost scoring.
Not only did scoring decrease during these years, but the
number of pitching injuries and surgeries rose exponentially
throughout professional and amateur baseball. Some baseball
and medical experts suggested that lowering the mound may
also reduce stress on the throwing arm and the number of
injuries.

Methods

The research study was approved by the Institutional Review
Board at St. Vincent’s Health System (Birmingham, AL,
USA). Twenty collegiate pitchers were recruited from
universities in the area of Raleigh, NC. All of the testing was
performed at the USA Baseball Training Complex in Cary,
NC where four custom dirt mounds with differing heights
(6in, 8in, 10in, 12in) were built outdoors and covered by a
tent.

Pitchers were instructed to throw 10 full effort pitches from
each condition to a catcher. Three-dimensional pitching
biomechanics were tracked with an 11-camera Motion
Analysis System (Motion Analysis Corporation, Santa Rosa,
CA) at 240 frames/second. Ball velocity was tracked with
Rapsodo (Rapsodo Inc). All of the mounds were constructed
with the same slope according to MLB specifications,
starting at six inches in front of the pitching rubber the
mound sloped downward at a rate of one inch per one foot
over a distance of six feet. There were two 11-camera
motion capture systems (Motion Analysis Corporation, Santa
Rosa, CA) set up each surrounding a pair of mounds. For
each of the mounds, homeplate was positioned 60.5 ft away
and a ball tracking system was positioned 6 ft behind
homeplate (Rapsodo Baseball System, Rapsodo Inc. Fishers,
IN). The baseball tracking system utilized a high-speed
video sampling at 240 frames per second and radar
technology sampling at 50KHz to calculate ball movement
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and spin. 40 pitches were collected, where the pitchers were
instructed to throw five full-effort fastballs and five full-
effort curveballs from each of the mounds in a randomized
order. For all trials, three-dimensional motion data were
collected at 240 Hz while the ball tracking system captured
the ball speed, break, and spin. From the motion capture
data, 31 kinematic and kinetic variables were calculated for
each pitch as previously described.

For each of the eight testing conditions (four mound heights
and two pitch types), the magnitudes of ball movement and
biomechanical parameters were averaged by participant.
Repeated measures analysis of variance (ANOVA) was
utilized to determine significant differences in the mound
heights for fastballs and curveballs separately. When a
significant difference (p<0.05) was found, a pairwise
difference was analyzed with a Tukey post-hoc test (p<0.05).

Results and Discussion

The pitchers were (meantSD) 19.7£1.2 years old, 732 in
tall, and had a weight of 205+19 lbs. There were no
significant differences seen for ball velocity, movement, or
spin when pitching from the four mound heights for both the
curveball and fastball. The mean ball velocity for the fastball
and curveball was 88.446.06 mph and 70.2+5.95 mph
respectively. There were twelve biomechanical variables
(seven kinematic variables and five kinetic variables) that
were found to be significantly different when comparing the
mound height for the fastball pitches. When comparing
mound height and curveballs, there were eight kinematic
variables shown to be significantly different.

Conclusions

The results from these two studies indicate that lowering the
pitching mound may not increase run scoring, as there were
no changes in fastball and curveball velocity, spin or
movement. The differences seen in pitching kinematics with
mound height variations were small and may lack practical
significance. The shoulder and elbow kinetics of the fastball
may be slightly lower with a lowered mound, which may
reduce the risk of pitching injury.
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Summary

We used a modified cycle ergometer to investigate if leaning (or
not leaning) a bicycle side-to-side affects sprint power output.
We found that leaning the ergometer ad libitum did not enhance
maximal 1-s crank power compared to a locked condition. How-
ever, trying to minimize ergometer lean decreased maximal 1-s
crank power by 5% compared to leaning ad libitum.

Introduction

Competitive cyclists typically sprint out of the saddle and alter-
nately lean their bikes from side-to-side, away from the down-
stroke pedal [1]. Yet, there is no direct evidence as to whether
leaning the bicycle, or conversely, attempting to minimize lean,
affects maximal power output during sprint cycling. Here, we
investigated two questions related to maximal 1-s power output
during non-seated, sprint cycling: 1) Does ad libitum lean af-
fect maximal power output compared to a traditional stationary
ergometer? and 2) Does trying to minimize lean affect maxi-
mal power output compared to ad libitum lean? To address these
questions, we modified a cycle ergometer so that it could lean
from side-to-side or be locked to prevent lean. This modified er-
gometer made it possible for riders to sprint under three different
conditions: locked (no lean), ad libitum lean, and minimal lean.
In the minimal lean condition, the ergometer could lean but we
asked the subjects to try to minimize lean. Our first hypothesis
(null) was that ad libitum lean would result in the same maximal
1-s crank power as the locked condition. Our second hypothesis
was that trying to minimize lean would decrease maximal 1-s
crank power compared to the ad-lib and locked conditions.

Methods

Nineteen healthy recreational cyclists (13M/6W, 28+6y, 1.75+
0.09 m, 69 + 10 kg, mean£SD) pedaled a friction-loaded er-
gometer mounted atop a hinged chassis. The ergometer was
equipped with a crank-based mechanical power meter (Quarq
DZero, SRAM, Corp, Chicago, IL, USA) and a Monark 827E
flywheel. In the ad-lib lean and minimal lean conditions, springs
attached to the rear legs of the ergometer provided a restoring
torque proportional to lean angle. In the locked condition, alu-
minum struts prevented lean. Subjects performed 9 maximal 5-
s sprints from rest in a non-seated posture—3 locked, 3 ad-lib
lean, and 3 minimal lean. We derived crank angle and ergometer
lean angle from IMU acceleration data recorded at 500 Hz.

Results and discussion

Maximal 1-s crank power: In support of our first hypothesis,
maximal 1-s crank power in the ad-lib condition (974 £ 33 W)
was similar to the locked condition (982+30 W), p = 0.8, ES =
0.2. In support of our second hypothesis, crank power was re-
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duced by 47 W (5%) in the minimal lean condition (927 + 32
W), compared to the ad-lib condition, p < 0.001, ES = 1.3.

Range of ergometer lean: The range of lean in the ad-lib condi-
tion (9.6 + 2.3 deg.) was more than ten-times the locked con-
dition (0.8 + 0.3 deg.), p < 0.001, ES = 1.7, and more than
twice the minimal lean condition (3.9 + 1.0 deg.), p < 0.001,
ES=1.3.
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Figure 1: A. Diagram of modified cycle ergometer. B-C. Indi-
vidual (color) and group mean (black) maximal 1-s crank power
and range of ergometer lean, respectively.

Conclusion

Leaning the bicycle ad libitum did not enhance maximal 1-s
crank power compared to a traditional stationary ergometer. Try-
ing to minimize bicycle lean decreased maximal 1-s crank power
by 5% compared to leaning ad libitum.
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Summary

Golf is a multimodal-activity that should be considered when
designing training programs for older adults. This study
quantified the lower extremity (LE) demands of the golf swing in
healthy older adults (OAS) who acquired the skill through a 10-
week golf training program. The average peak net extensor-
(PEM) and support-moments (SM) of the lower extremity were
calculated via 3D motion capture. PEM were found greater at the
right hip and left knee compared to their contralateral
counterparts, while no differences were found in the PEM of the
ankles and SM. The LE demands of the golf swing were similar
to common stepping activities in OAS. Understanding the
demands associated with the physical tasks specific to golf will
inform the design of safe and effective golf training programs in
older adults.

Introduction

Proper exercise prescription is integral to quality of life in OAS
[1]. Golf is a multimodal-activity that offers physical, psycho-
social, cognitive, and health benefits [2, 3]. However, the
physical demands associated with golfing activities have not been
well characterized, and compared to other common exercises.
The purpose of this study was to: 1) quantify the LE joint
demands of the golf swing in OAS novel to golf after a 10-week
golf training program, 2) examine the demand differences
between limbs, and 3) to compare the demands to common
stepping activities.

Methods

Fourteen of fifteen participants completed a 10-week golf
training program with biomechanical, physical, and cognitive
testing prior to and after the program. During post-testing,
participants were instructed to hit 5 golf shots each with a
pitching wedge, 7-iron, and driver while standing on 2 force
plates. LE net joint moments were calculated via a marker-based,
motion capturing system. PEM and SM of the hip, knee, and
ankle during golf swings are reported. Independent-samples t
tests were used to examine differences between left and right
limbs (p<0.05). To assess the relative magnitude of these
moments, comparisons were made with common stepping
activities using previously reported data, collected with similar
methodology, from our laboratory [4]. Results are presented, in
Nm normalized to body mass, as mean + standard deviation.

Results and Discussion

Participants completed 283/300 (94%) sessions with no program
related adverse events. All were right-handed. The right hip PEM
was greater than the left hip during the golf swing, regardless of
the club (p<0.05). At the knee, the left side had greater PEM than
the right side for the 7 iron and driver (p<0.05), but not the
pitching wedge. No differences were found between limbs for
ankle PEM. When comparing PEM in the sagittal plane, the golf
swing moments appeared larger at the hips and similar at the
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knees and ankles compared to common forward and lateral
stepping exercise activities in older adults [4] (Figure 1.). In
regards to SM, there were no differences between L and R limbs
(Table 1.).

EHip

[ IKnee
Elankie

=
N A -
\

Extensor Moment(Nm/Kg)
Q

o o

5 I -
A1 1111

PwL PwR TiL 7iR DrL  DrR FS Asc FS Des LS Asc LS Des
Figure 1. Average Peak Joint Moments in Golf Swings and Stepping

Activities. FS: forward stepping; LS: lateral stepping; Asc: ascending
phase; Des: descending phase.

2 o @

=3
b

Table 1. Golf Swing Support Moments in Three Types of Golf Clubs

Pitching Wedge 7Iron Driver
L R L R L R
SM 1.55 1.34 1.68 1.58 1.64 1.62
(Nm/k  +0.33 +0.29 +0.38 +0.48 +0.43 +0.41
2+SD)
Conclusions

Golf is a multimodal-activity that includes: swings, multi-terrain
walking, and bending to mark or tee up the ball. These activities
are likely responsible for the reported improvements in physical
function (e.g., hip strength) associated with the golf-training
program [3, 5]. Our findings suggest that golf swings generate
sagittal plane PEM’s that are similar or greater than those
generated during stepping activities in OAS. Differences between
left and right limb PEM’s should be considered when prescribing
golf as an exercise activity and suggest that other supplemental
activities might be necessary to counteract these differences.
Understanding the relative biomechanical demands associated
with these activities will inform prescription of progressive, safe
and effective golf training programs for OAS in the future.
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Racing in the street — Whole-body vibration during road cycling and the effect of different equipment choices to minimise it
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Summary

Whole-body vibration (WBV) exposure can lead to spinal
injury and pain, and road cycling can expose participants to
substantial WBV. Previous research has shown no difference
between a standard seatpost compared to designs that aim to
reduce vibration. This study provides further data in this area
by focusing on the effect of saddle designs, tyre construction,
and tyre pressure on WBYV exposure. Our results again
highlight the fact that daily WBV exposure limits are rapidly
exceeded, and none of the equipment configurations we tested
led to a substantial reduction in the WBV exposure.
Alternative equipment, such as suspension, or larger volume
tyres that can be used at lower pressures may be required to
achieve meaningful reductions in WBV during road cycling.

Introduction

Exposure to whole-body vibration (WBV) substantially
increases the risk of low back pain, spinal degeneration, and
injury [1, 2]. Standard methods (ISO 2136-1) have been
established to evaluate WBV [3], and there are daily WBV
exposure action values (EAV) and exposure limit values
(ELV) [4]. Cyclists who ride more than 160 km/week are 3.6
times more likely to have back pain compared to those that
ride less than 160 km/week [5], and research evaluating
seatpost designs during road cycling showed that daily WBV
limits were rapidly exceeded with all seatposts [6]. This
preliminary assessed the effect of saddle design, tyre
construction, and tyre pressure on WBV.

Methods

Road cyclists completed a predetermined 6.42 km route [6].
The study was approved by the institutional ethics committee
(¢eEMPS00007). One group (n=3) completed the route four
times, each time with one of four saddles: Prologo Scratch 2
PAS Nack; San Marco Regal Evo; San Marco Regal; Brooks
Cambium C13. Another group (n=3) completed the route six
times: three times using Challenge Strada Race nylon
vulcanized clincher tyres at pressures of 75, 85, and 95 psi;
and three times using Challenge Strada Service Course cotton
clincher tyres at pressures of 75, 85, and 95 psi. APDM Opal
sensors were positioned at the seat cluster (SC), top of the
seatpost (SP), and lumbar region (LB) in the saddle group, and
at the rear hub (RH), saddle rails (SD) and lumbar region (LB)
in the tyre group. The root-sum-of-squares vibration dose
value (VDV.ss) was calculated according to ISO 2136-1 [3].
Transmissibility (T) across the saddle was determined from
the root mean squared acceleration (arms) at the SP and LB.

Results and Discussion

The vibration for all participants in all tests comprised both
constant low-level vibration, and frequent shocks (Figure 1).
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Figure 1: Typical data of the resultant acceleration magnitude.

The VDV, measured at the RH, SC, SP, and SD exceeded
the ELV in all tests, and the mean VDV at the LB position
exceeded the EAV for all saddles, tyres, and tyre pressures,
and the ELV in 40 % of cases (Figure 2). There was a large
reduction in the acceleration between the SP and LB in all
tests in the saddle group (T range 0.26-0.55), though it is
likely that the clothing and soft tissue of the rider contribute
to a large part of the observed reduction.
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Figure 2: VDV at the LB position shown against daily WBV
exposures: safe (green); EAV (amber); ELV (red).

Conclusions

Road cycling results in substantial WBV exposure. None of
the test configurations reduced the WBV exposure to within
occupational limits. Therefore, alternative equipment choices,
are required to meaningfully reduce WBV.
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Summary

The purpose of this study was to investigate the magnitude of
relationships between sleep metrics and kicking performance
in youth players. Twenty-eight under-17 players completed a
kick testing protocol against a goalkeeper. We determined the
approach run, foot and ball velocities, mean radial and
bivariate variable error, and accuracy during kicking
performance. Over 24h before field testing, players were
monitored by wrist actigraphy. Self-reported sleep quality and
chronotype scores were also collected. Multiple linear
regressions indicated that the wake-up time and chronotype
scores contributed to 40% of the mean radial error while self-
reported sleep quality influenced respectively on 19% and
24% of the accuracy and bivariate variable error variances;
taken together self-reported sleep quality and the time of final
awakening explained 33% of the accuracy. In short, one-off
self-reported or directly determined sleep measures using
wrist actigraphy allowed for detecting inter-individual
variations of kicking performance in youth-soccer players.

Introduction

Sleep is fundamental in the day-to-day recovery of physical
capacity and motor skills [1]. A night with reduced sleep may
disrupt central nervous system functioning, compromising
visuospatial perception, decision-making and movements’
execution [2]. In senior standards, variations in sleep duration,
latency and efficiency produced no effects on match kicking
accuracy [3]. However, results from senior players cannot be
readily extrapolated to youth [4]. Therefore, the present study
aimed to investigate the habitual sleep patterns experienced
by youth soccer players and their influence on kicking
performance features.

Methods

Thirty under-17 Brazilian soccer players were monitored
using wrist actigraphy in the night immediately before kick
testing. The following parameters were identified: sleep-wake
phases, time in bed, wake-up time, time of lights out, total
sleep duration, wake after sleep onset, latency of lights out and
sleep starts, efficiency and number of awakenings [5]. Also,
self-reported sleep quality, Karolinska Sleepiness Scale and
individual’s chronotype score were collected.

The soccer players performed seven kicks to each goal side
and six requested to aim its centre. They kicked stationary
balls positioned 18m away from the midpoint goal line, using
the instep region of the dominant foot and aiming at the centre
of 1xIm targets allocated in the goalpost. Two goalkeepers
tried to block the shots. The kicks were recorded, and the
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imagens were analyzed in DVIDEOW environment. We
calculated the approach run, foot and ball velocities, mean
radial (MRE) and bivariate variable error, and accuracy to
analyzed kicking performance.

Partial correlations controlling for chronological age and body
sizes were computed between sleep parameters and kicking
performance indicators. Multiple linear regressions (stepwise
method) were used to determine the relative contribution of
sleep variables to the variance in kicking performance metrics.

Results and Discussion

The main findings (Figure 1) were: (1) both subjective and
objective measures of sleep were associated with kicking
performance (r=<or>0.38,p<0.05); (2) higher perceived sleep
quality was related to better kicking accuracy
(r*=0.19,p<0.02) and  lower placing  variability
(r>=0.24,p<0.008). In contrast, athletes with later wake-up
time performed poorer kicks as illustrated by fewer kicks on-
target (r>=0.15,p<0.04) and higher MRE (1?=0.40,p<0.02); (3)
while either sleep quality and duration impacted on ball
placement indices, kicking velocity properties were
minimally influenced.

N W .
Figure 1: Associations between kicking performance with the sleep
parameters. TOFA wake up time; MRE mean radial error.

Conclusions

Whilst sleep quality indicators had limited interference on
kicking velocity components, good sleep quality and morning
behavior may notably produce a better kicking accuracy.
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Summary

Activity of seven forearm muscles during wrist flexion-
extension and radial-ulnar deviation was compared to muscle
forces predicted from corresponding kinematics. The model
predicted agonist muscle activity but perform poorly
predicting antagonist activity. Co-contraction is needed for
models to accurately predict forearm muscle activity.

Introduction

Musculoskeletal models of the wrist have been developed
with averages of anatomical parameters, which has been
shown to significantly affect model predictions [1]. The
Imperial College London wrist model was developed from a
consistent anatomical data set and previously validated in
vitro [1]. However, in vitro validation risks omitting factors
present in vivo. To improve the clinical applicability of the
model, this study sought to validate the model outputs with
electromyographical (EMG) data.

Methods

23 participants (1.71 = 0.08 m, 68.26 + 12.66 kg, 28.6 + 4.60
years) took part in this study. Each performed 15 cycles of
wrist FE and RUD with their dominant hand. Muscle activity
of extensor digitorum communis (EDC), extensor carpi
radialis (ECR), extensor carpi ulnaris (ECU), flexor digitorum
superficialis (FDS), flexor carpi radialis (FCR), flexor carpi
ulnaris (FCU), and pronator teres (PT) were recorded using
surface EMG (Delsys, Natick, USA). Joint kinematics
recorded using an eight-camera optical motion capture system
(Qualisys, Gothenburg, Sweden) were used as inputs for the
model. An inversion of the EMG-to-force method was used to
generate model-predicted muscle activity [2]. These were
qualitatively compared to the recorded EMG data using
Statistical Parametric Mapping (SPM) t-testing, Magnitude-
Phase-Comprehensive (MPC), and Pearson’s Correlation
Coefficients (PCC).

Results and Discussion

The qualitative comparison showed a good match between the
model output and the recorded EMG. FCU and FCR were
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observed to coactivate during flexion (Figure 1). ECU, ECRL
and ECRB were observed to coactivate during extension, but
muscles were only activated in the model when acting as
agonists. The PCC between the predicted and recorded muscle
activity was 0.04 on average. The average MPC values were
0.81 (M), 0.25 (P), and 0.83 (C). Only the ECRL predicted
force was different (p=0.01) to in vivo estimates.

Both the qualitative comparison and the SPM statistical
testing indicate that the model can accurately predict the
muscle activation patterns of agonist muscles involved with
wrist motion. However, the PCC values indicate that the
model is not able to replicate the muscle activation pattern for
all the muscles, specifically the antagonist muscles. This is
further supported by the MPC values, which showed that the
model underestimated muscle activity. The absence of co-
contraction means that less activity is needed by the agonist
muscles to generate the kinematics. As the model optimizes
by minimizing muscle stress, if a muscle is not needed to
generate the motion, it is effectively switched off. However,
this is not the case in vivo, as antagonist muscles also act as
stabilisers. Thus, there is a poor correlation as the model-
predicted activity can be zero while the EMG shows activity.
In conclusion, the model has been validated for the in vivo
muscle activation patterns of agonist muscles during wrist
motion. However, the inclusion of co-contraction in the model
is needed to accurately capture the complete biomechanical
picture.

Conclusions

In conclusion, the model has been validated for the in vivo
muscle activation patterns of agonist muscles during wrist
motion. However, the inclusion of co-contraction in the model
is needed to accurately capture the complete biomechanical
picture.
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Summary

It is possible that the musculature overlying and integrated
with the transverse carpal ligament represent a dynamic
force that exerts pressure over the median nerve contributing
to the development of carpal tunnel syndrome (CTS). The
aim of this study was to compare musculature overlying the
carpal tunnel between subjects with and without the
diagnosis of CTS. There was a very wide range of muscle
mass measured. We found that there was a significant
correlation between signs of CTS on MRI median nerve
cross-sectional area) and the amount of muscle overlying the
carpal tunnel. Further study should refine the measurement
method of these muscles to better understand their effect on
CTS.

Introduction

The diagnosis of carpal tunnel syndrome (CTS) remains
clinical. While much study has focused on the dimensions
and size of the carpal tunnel, there has been little emphasis
on possible dynamic factors of increased pressure in this
anatomical space. During carpal tunnel release, variable
amounts of muscle above the carpal tunnel are commonly
observed. It is possible that this musculature may represent a
dynamic force that exerts pressure over the median nerve
contributing to the development of CTS. We believe these
muscles, specifically those found immediately volar to the
transverse carpal ligament and cross the carpal tunnel, have a
dynamic role in the etiology of CTS especially in manual
laborers who use their hands in a forceful and repetitive
fashion. [1] This anatomic variant (muscles crossing the area
of the carpal tunnel) may also be related to the "square" hand
configuration contributing to increased incidence of CTS in
these patients. The ability to recognize this “dynamic
component” may improve our ability to understand and
prevent the development of CTS. We hypothesized that
patients with a clinical diagnosis of CTS have more muscle,
as quantified by magnetic resonance cross-sectional imaging
(MRI), overlying the carpal tunnel than normal controls.

Methods

Case control study of a database of wrist MRI. Cases
were patient charts with a diagnosis of CTS. These were
matched by age and gender to those without CTS (controls).
Exclusion criteria included poor quality imaging, space-
occupying mass in the carpal tunnel, concomitant
neurological disorders, and previous carpal tunnel surgery.
Axial cuts at the level of the hook of the hamate and
scaphoid tubercle were used to measure the muscle mass
overlying the carpal tunnel. Muscle mass was quantified
using: thickness (mm) at 3 points (mid-capitate, capitate-
hamate boarder, capitate-trapezoid border) and an average
thickness (calculated by dividing the cross sectional area by
the carpal tunnel width). Other MRI parameters from axial
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cuts were measured: median nerve T2 signal, median nerve
shape, and carpal tunnel cross sectional area.[2] Groups were
compared with t-tests or Wilcoxon rank-sum tests and

statistical significance was defined as p<0.05. single-spaced,

Results and Discussion

A total of 21 cases and controls met the inclusion criteria for
the study. There were no significant differences in age,
gender, hand dominance, manual laborers, diabetes mellitus,
hypothyroidism or nerve shape between case and controls.
Average muscle depth in the carpal tunnel group was
2.61lmm and control group 2.54mm (p=0.83). Muscle depth
measurements for carpal tunnel and control groups were
2.36mm and 2.10mm (p=0.46) at the mid-capitate, 1.19mm
and 0.67mm (P=0.23) at the capitate-hamate border, and
342mm and 4.30mm (p=0.4) and the capitate-trapezoid
border respectively. The variability in measurements was
significant in all areas measured. We did find a significant
correlation between signs of CTS median nerve cross-
sectional area) on MRI and MRI measured muscle mass

p=0.008.

Conclusions

We found no significant differences in muscle mass
overlying the carpal tunnel using our method of evaluation
between chart documented CTS and non-CTS wrist MRIs.
We did find a correlation with MRI nerve cross sectional
area.

It is possible that:

1) There truly is no difference.

2) Our method of evaluation is flawed:

-The insertion (footprint) of the muscles may be more
important in the mechanics of the carpal tunnel than the
amount of muscle and this was not evaluated.

-Anatomical variation was so great that our measurements
were unable to identify true differences.

-Advanced CTS can cause atrophy affecting the amount of
muscle measured on MRI.

3) Future research should focus on a refining the
measurement method of these muscles and their effect on
CTS.
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Fused with Motion: A Biomechanical Comparison of Dart Throw Motions after Partial Wrist Fusions

Frederick W. Werner, Dami O. Oluyede, Garrett Esper, Michael J. Schreck
SUNY Upstate Medical University, Syracuse, NY, USA  Email: wernerf@upstate.edu

Summary: Multiple partial wrist fusions exist for the
management of wrist arthritis. The purpose of this study was
to measure the motion allowed by different orientations of the
dart throwing motion for 7 different partial wrist fusions and
proximal row carpectomy.

Introduction: Partial wrist fusions may limit wrist motion
differently during a dart throw style of wrist motion. The
purpose of this study was to measure the retained motion for
different orientations of the dart throwing motion for 7
different partial wrist fusions and proximal row carpectomy.

Methods: Eight
fresh frozen cadaver
wrists were tested Figure 1
Wlth the wrist intact 1 Wrist range pf motion,
and fOI' seven centroid, and principal axes.
simulated  fusions
and proximal row
carpectomy. In all
cases, the wrists \ o Intact
were passively \ e a
moved through a i a— i "
minimum of 4 \
circumduction
motions by 2 testers.
Wrist motion was o b
measured by a Angle{of principal axis from

. flex/ext axis
motion sensor,
attached to the dorsum of the 3™ metacarpal. The fusions were
scaphocapitate (SC), scapholunate (SL), capitolunate (CL),
radiolunate (RL), radioscapholunate (RSL), scapho-
trapeziotrapezoid (STT), 4 corner fusion (CF) and a proximal
row carpectomy (PRC). For each circumduction motion,
(figure 1) the area within the circumduction motion was
computed, the principal axes of the motion were calculated as
the angle it made with the flexion/extension axis, and the
range of motion (arc) that a dart throw motion might have until
it intersects the boundary of the circumduction motion was
determined. The arc of motion was found for a pure
flexion/extension motion, a pure radioulnar deviation motion
and 11 motions oriented at increasing amounts from the
flexion/extension axis. A one-way repeated measures
ANOVA with a Bonferroni correction for multiple
comparisons was used to compare the different simulated dart
motions.

Intact range of motion

Flexion (deg)
L

Radial Deviation (deg)

Results and Discussion: All fusions except for the SL fusion
significantly reduced the area of motion (p<0.01) compared to
intact. The SC area was larger than the CL (p=0.04). The SL
area was larger than the CL and the RSL (p<0.03). The SC
and STT fusions principal axes were more closely aligned
with the flexion/extension axis (ave 8 deg) than the intact axis
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(19 deg). The SL had a larger angle (20 deg; more aligned
toward the radioulnar deviation axis) than the STT (7 deg) or
the PRC (8 deg; p<0.04). The arc of motion (table 1) of the
intact wrist oriented 20 deg from the flexion/extension axis
was greater than any of the other 12 orientations (p<0.03). At
the 20 and 25 degree orientations, all fusions had a smaller arc
of motion compared to intact (p<0.02). The SC, CL and RSL
fusions all had a smaller arc of motion than the intact at all 13
orientations (p<0.04). The SL fusion was the only fusion
which did not decrease the area of motion compared to the
intact specimen. This finding makes intuitive sense
biomechanically, and reinforces the importance of the SL
ligament in linking the motion of the scaphoid and lunate
bones under normal kinematic conditions of the carpus.

Table 1: Average Arc of Motion at Different
Orientations of a Dart Thrower’s Motion (angle from
flexion/extension axis; mm)

Fusion

Orienta-
tion Intact|SC| SL |CL |RL |RSL |STT|CF|PRC

Flex-ext| 94 |76| 81 |55|59| 41 | 76 | 60| 73
20deg| 116 |73 (102|59 (83| 54 | 67 | 65| 70
25deg| 108 |68 |98 |59 (80| 57 | 61 | 65| 68
30deg| 99 [62]92 |58|75| 57 | 55 |65]| 63
35deg| 91 |57|85(|57|69| 66 | 50 | 65| 58
40deg| 83 |53 |78 |55[65| 53 | 46 |63 | 55
45deg| 76 |49 72 |52|59]| 50 | 42 |60 | 51
50deg| 70 [46| 66 |50 (55| 47 | 39 |57 | 48
55deg| 65 |44 |62 |47 (51| 43 | 37 |55]| 45
60deg| 61 |41|58 |45[48| 40 | 34 |52 43
65deg| 57 |40| 54 |43|45| 37 | 33 |50 41
70deg| 54 |38|51|42(43| 34 | 32 |48 40

Radio-
ulnar| 47 [35|44 |37|36| 28 | 30 |42| 37

Conclusions: This study provides a comprehensive
compilation of the range of motion in a functional plane “the
dart throw motion” to be expected after various limited wrist
fusions and proximal row carpectomy. These data provide the
clinician with important information that can be used to
educate the patient with regards to expectations after surgery.

Acknowledgments: Funded by the Department of
Orthopedic Surgery, SUNY Upstate Medical University
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My current understanding of wrist dynamics
Marc Garcia-Elias, Barcelona, Spain

The wrist is one of the most complex composite articulations of the human body,
comprising 15 bones, 24 joint facets, and 24 ligaments. Furthermore, it incorporates
a system of pulleys to control the moment arms of the tendons that cross the joint.
The necessity of placing the hand in the best possible position that allows
manipulating all sorts of objects with the minimal energy cost, on one side, and the
need to ensure that the joint is capable to sustain considerable amount of forces
without yielding explains why we are still struggling to undestand how needs to be
treated whenis dysfunctional. In kinetic terms, a joint is meant to be stable when is
able to sustain physiologic loads without yielding. To achieve this, when the wrist is
loaded, capsular ligaments are the first to react. Some ligaments, however, may have
difficulties resisting prolonged tensions, thus the need for muscles to protect the
ligaments under the coordination by the sensorymotor system, a specialized group of
neural elements that use the proprioceptive information to control stability. This
session will cover what is the current understanding of the role of ligaments and
muscles in the stabilization of the wrist.
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Biomechanical Simulation of Lung-Tumor Motion Based on Surface Imaging
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Summary

Thoracic radiotherapy (RT) is restricted by breathing-related
motion of the target and internal anatomy with limited
options available for direct visualization of this motion
during treatment. The current standard-of-care for motion
mitigation expands the irradiated volume to encompass the entire
range of tumor motion as assessed during the planning stages. We
present a biomechanical model that predicts tumor motion during
RT delivery sessions based on boundary conditions (BCs) derived
by monitoring the patient’s chest and abdomen surface. Our
model can serve as a gold-standard for imaging-based models and
can potentially lead to significant reductions in expansion
margins, thereby better preserving healthy lung tissue.

Introduction

Surface images of the chest and abdomen are generally accessible
during RT delivery and can be used to monitor patient motion.
However, treatment of thoracic cancers require accounting for the
motion of the internal anatomy. 4D computed tomography scan
(4DCT) done as part of RT planning generates a sequence of
volumetric images representing the range of internal anatomy
motion over the “average” breathing cycle. To ensure RT delivery
to the tumor, the irradiated volume is expanded into the internal
target volume (ITV), which encompasses the range of motion
observed in the 4D images. Irregularities in the breathing pattern
can cause deviations from the average cycle. To account for
breathing irregularities and setup uncertainties, the irradiated
volume is further expanded into the planning target volume
(PTV). These expansions expose healthy lung tissue to
undesirable doses of radiation and pose a risk for radiation-
induced toxicities. We present a finite element biomechanical
model that uses chest and abdomen surface images acquired
during RT treatment planning and delivery to predict motion of
the internal anatomy including the tumor.

Methods

4DCT images, and VisionRT (VRT) surfaces of the chest and
abdomen were collected from three Iung cancer patients (Figure
1- top row). During RT treatments, two ~30s long datasets of
VRT surfaces with concurrent fluoroscopic projections (FLs)
were acquired pre- and post-RT delivery (Figure 1- bottom row).
To generate BCs for the model, the end of exhale (EE) 4DCT
image was mapped to the other images using deformable image
registration. A mathematical basis for the observed deformation
vector fields (DVFs) was derived using principal component
analysis. A previously validated surrogate motion model (SMM)
that uses VRT surfaces as input was constructed to estimate EE
lung surface DVFs. [1,2] The SMM applied concurrent VRT
surfaces and FL projections to construct and update the internal-
external correlation and predict lung surface DVFs. [3] An elastic,
non-linear finite element model of the EE lung and tumor was
generated in the ABAQUS finite element software. Lung and
tumor material properties were optimized to minimize the error
between model-estimated and 4DCT measured tumor centroid.
The SMM-generated lung surface DVFs were used as boundary
conditions and transient FE simulations were performed to
compute tumor motion during the RT delivery session.
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Tumor motion prediction

Figure 1 Biomechanical model construction. Top row: EE Lun,

and tumor contours were imported into ABAQUS and materia
properties were optimized. Bottom row: FL projections and VRT
surfaces were concurrently acquired and used to construct the SMM
that provides lung surface BCs based on input VRT surfaces. These
BCs were supplied to the biomechanical model and lung-tumor
motion was solved.

Results and Discussion

Our biomechanical model effectively estimated tumor position
during 4D simulation (<3mm centroid error) and RT delivery
sessions. For three out of six acquisitions, tumor motion was
limited to within the PTV expansion. However, excursions
outside of the ITV were observed during three acquisitions
(Figure 2 a-b). For one patient (Figure 2 b), a shift in the base line
was observed at the end of the fraction with the tumor spending
more than 50% of its time outside of the PTV, suggesting the
possibility for marginal failure. For another patient (Figure 2 c),
the irradiated volume (PTV) overestimated tumor motion range.

Comparison of blomechanical based tumor motion with irradiated volumes
4 1m
e Patient]

Qisplacement (mm)

L] Wyime [sec) 20 L ] 19 1ime (1) 20 0 ] 10 Time (vec) 20

Figure 2: Tumor centroid motion estimated by the biomechanical
model for _Ipatlentsl-3 (a-c). Shaded green is the internal target
volume (ITV) encompassing tumor motion (derived from 4D
imaging dprotocol). Shaded red is the irradiated volume (PTV),
generated by further expansion of the ITV.

Conclusions

Our biomechanical model used lung surface BCs estimated from
chest and abdomen surface images to compute tumor motion
during RT delivery sessions. Our findings show that the tumor
can move outside the irradiated volume. Clinical implementation
and application of our model can lead to improvements in RT
delivery accuracy and target margin reductions.
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Towards the usage of embedded prosthesis sensors for real-life gait analysis of amputee subjects
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Summary

This case study investigated the potential of the sensors
embedded into a mechatronic prosthetic knee joint for
clinical gait analysis. The results showed a strong correlation
(~ 0.99) and small RMSE between the sagittal knee angle
(~1.5%) and knee moment (~7%) recorded during over
ground level walking using the gold standard (optoelectronic
motion capture) and internal device sensor data.

Introduction

Clinical gait analysis is typically performed in a laboratory
environment using optoelectronic motion capture systems
and force plates [1]. Due to various limitations of the
laboratory assessment (e.g., confined space, constrained
pathway), the patient performance is often not representative
of real-life gait [1].

To overcome these limitations, researchers have used inertial
measurement units (IMUs) to replace optoelectronic motion
capture systems and conduct accurate gait analyses in
amputee patients outside of a laboratory environment (less
than 1° knee angle error) [2]. However, the IMUs are
external sensors that have to be placed on the subject and
properly aligned to the limb segments. This requires an extra
effort and can result in positioning errors that can translate
into errors in the recorded movement [3].

Mechatronic lower limb prostheses are equipped with
embedded sensors that collect information about orientation,
acceleration, angular velocity, joint angles and loads [4]. The
validity and potential usage of these sensor data for clinical
gait analyses is, however, still unknown. Therefore, there is a
need to investigate whether it is possible to accurately
measure gait performance using the embedded device
sensors, and to compare the performance of these sensors to
that of the gold standard of laboratory assessments.

Methods

Kinematic and kinetic data were collected from one patient
with transfemoral amputation (height: 169 cm, weight: 76
kg, knee joint: GeniumX3) using a gold standard (GS)
motion capture system (Vicon, Oxford, UK) and force plates
(Kistler, Winterthur, Switzerland). In addition, the device
sensors (DS) were used to assess gait performance. The data
recorded by the DS included hydraulic loading and knee
joint angle. The data were collected during over ground level
walking at comfortable walking speed while simultaneously
using both systems (DS and GS).

The sagittal knee angle and moment were determined and
the obtained profiles were compared between GS and DS
using correlation coefficients, root mean square error
(RMSE) and maximum error.
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Results and Discussion

The results for a single walking trial are reported in Table 1
and the recorded knee angle profiles are shown in Fig. 1. We
found strong correlations between both the knee angle and
knee moment acquired by GS and DS (p ~0.99).

Further, the RMSE was below 1° for the knee angle and
below 5 Nm for the knee moment (1.5% and 7.2% relative
error, respectively). The maximum error was 3.27° and
7.41Nm, respectively. These results demonstrate that the
embedded sensors can measure sagittal knee angles with a
similar quality as the wearable inertial measurement units [2].
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Figure 1: The knee angle recorded using device sensors (DS,
continuous line) versus gold standard (GS, dashed line).

Table 1: Error and correlation between device sensors (DS) and
gold standard (GS).

Correlation
RMSE | Max. Error Coefficient (p)
Knee Angle (°) 0.95 3.27 0.99
Knee Moment (Nm) 4.26 7.41 0.99
Conclusions

The preliminary results show the potential of embedded
prosthesis sensors to assess knee angle and moments during
amputee walking. A limitation is that this analysis only
focuses on the affected limb. Additional experiments with
other prosthesis sensors and more activities of daily living
such as ramp and stair incline and decline, as well as a larger
patient sample need to be conducted.
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Summary

The labrum separates the capsular chamber (CC) and the
acetabular cavity (AC) of the hip joint. Hip extension and
internal rotation bring high intra-capsular pressure within the
CC. Therefore, high intra-capsular pressures in the CC are
linked with pain. However, no assessment of pressures in the
AC has been made and this information might have an impact
in clinical assessment. The present study, using cadaveric
specimens (n=6), reports variations of intra-capsular pressure
in both, the CC and AC during five hip movements. Hip
flexion and adduction showed the lowest pressure fluctuations
in the CC. Hip extension showed a pressure increased in both
compartments. Lastly, hip abduction and internal rotation
showed an important depressurization in the AC.
Introduction

The labrum increases the contact surface of the acetabulum
and helps to regulate the fluid exchanges between the AC and
the CC [1]. Previous cadaveric studies have reported pressure
fluctuations solely in the capsular chamber in different hip
positions [2,3]. To date, no information is provided
concerning the simultaneous pressure modifications into both,
the AC and the CC of the hip joint during hip clinical
assessment.

Methods

The specimens (n=6) were skeletonized from the lumbar spine
(LS) to the distal femur and the hip capsular ligaments were
carefully preserved. One cluster of reflective markers was
placed on each of the following bones: coxal, femoral and
tibial bones. CT-scan was performed for each lower limb to
link osseous structures and the clusters. Hip kinematics were
measured using six Optitrack cameras at 125 Hz. The coxal
bones were stabilized in anatomical position on an
experimental frame using two external fixators. Two intra-
osseous tunnels were drilled to reach both CC and AC
avoiding capsular tissue opening. The lateral tunnel was
drilled over the greater trochanter with a latero-medial
orientation to access the CC, medially to the trochanteric line.
The medial tunnel was drilled through the iliac bone to access
the AC with a supero-inferior orientation. To measure
pressure fluctuations (125Hz), two fibre optic pressure
sensors (FISO) were used and inserted in an injection chamber
each, which were glued to the entrance of each tunnel. Before
pressure measurement, 2.5 ml of mixture (Oil and latex) was
injected into each compartment allowing the obstruction small
arteries and avoiding leakages. Hip joints were tested in five
different positions: 90° of flexion, maximal extension,
abduction, adduction and internal rotation in 90° of flexion.
Each movement was repeated five times and three trials were
performed. Hip kinematics were synchronized with pressure
fluctuations. Pressures were measured at the maximal ROM
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of each movements described previously using Matlab
(Version 2019b) (see Table 1).

Results and discussion

Pressure increased in the CC for all movements. Movements
bringing high tension in the capsular ligament seemed to
increase pressure in the capsular chamber (EXT, ABD, IR).
Movements with lower hip capsular tension show little
increase in pressure in the CC (F90, ADD) (p< 0.001). The
pressure in the AC increased in two movements and decreased
in the others. Flexion, abduction and internal rotation might
have a more medio-lateral femoral head motion and create a
depressurisation in the AC. The internal rotation showed the
greatest difference between both compartments (60.06
mmHg).

Table 1. CC and AC mean intra-capsular pressures (SD). F90: 90°
flexion, EXT: extension, ADD: adduction, ABD: abduction, IR:
internal rotation. All values are in mmHg

F90 EXT ADD ABD IR
cC 5.93 18.57 3.40 14.71 17.31
(10.91)  (10.96)  (447)  (10.32)  (16.66)
AC 858 15.44 7.51 2586 4275
(740)  (9.33)  (7.36)  (33.85)  (32.92)
20
15

o
=
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Figure 1. Capsular chamber (CC) and acetabular cavity (AC)
pressure fluctuations in hip extension (0-10°).

Conclusion

This is the first study to provide simultaneous pressures
measurements for the CC and AC without altering the
capsular tissue. Hip kinematics and optic pressure transducers
help to understand the link between hip movements, intra-
capsular pressures and compartments. As increased pressure
in the CC is linked with pain, these results might have a
clinical impact.
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Summary

Clinicians often assess knee strength in patients with ACL
injuries using open-kinetic chain (OKC) methods in the sagittal
plane; yet, knee instability and pain are experienced while
weight bearing in closed kinetic conditions (CKC) with
multidirectional loading. Furthermore, the relationship or the
effect of sex between subjective patient reported outcome
measures (PROMs) and functional tasks is unclear. This study
sought to determine whether differences exist in OKC vs. CKC
force generation tasks, and if peak forces are associated to
PROMs in ACL-injured males and females. We identified sex-
dependent relationships for both subjective and CKC ground
reaction forces (GRFs) measures, but no differences during the
OKC task. Using a CKC task during patient assessment may
provide additional insight into rehabilitation progression.

Introduction

Although PROMs are poorly related to postoperative
outcomes, they have grown in popularity as they incorporate
the patients’ perceived function and can be easily administered
[1]. It is nevertheless unclear what the relationship is between a
patient’s perceived and objective functional capacity [2].
Furthermore, despite the sex-bias in ACL injury risk [3], and
the fact that over 70% of ACL injuries occur during non-
contact CKC events, the influence of sex and ACL injury on
knee joint strength during CKC multidirectional loading
conditions has yet to be considered. As such, this study sought
to i) evaluate differences in PROM scores and objective
strength measures during OKC and CKC tasks, and ii)
determine if relationships exist between subjective and
objective measures of knee function among males and females
with and without ACL injuries.

Methods

Thirty-eight adult patients with ACL injuries (17 females) and
34 (17 females) uninjured controls were recruited for this study
and were matched for age and leg-dominance. Participants
completed the Knee Injury and Osteoarthritis Outcome Score
(KOOS), International Knee Documentation Committee
(IKDC), Lysholm, and Tegner questionnaires. While
maintaining 50% bodyweight per limb, they then performed a
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standing isometric force-generating task [4] while producing
maximal anterior, posterior, medial, and lateral GRFs
respectively. Participants also completed maximum voluntary
isometric knee extension and flexion on an isokinetic
dynamometer. The GRFs and torque data were normalised to
body mass (N/kg, Nm/kg) and Kruskal-Wallis and post-hoc
Mann-Whitney U-tests were used to determine between group
differences (a= 0.05). Spearman’s rho correlation coefficients
(rs) were calculated between subjective PROMs and objective
outcome measures.

Results and Discussion

As expected, ACL-injured participants reported lower PROM
scores. There were no differences in OKC torque, however, a
main ACL injury effect for CKC torque, and subsequent post-
hoc analysis identified lower posterior GRF production in
ACL-injured females compared to their control counterparts
(1.51 N/kg vs. 1.81 N/kg; p= 0.048) but not among male
participants (p= 0.413). Maximum medial CKC GRFs were
correlated to both the Lysholm (rs= -0.569; p= 0.021) and the
Tegner (r= -0.814, p< 0.001) scaling scores for ACL-injured
females. No significant differences or correlations were found
from the OKC task.

Conclusions

Our results indicate that (1) males and females with ACL
injuries will display different relationships between subjective
and objective assessments; (2) CKC measures detected
functional deficits in females and (3) CKC evaluations are
more closely related to perceived knee joint function in
females. We conclude that clinicians should consider how sex
affects perceived knee function with their patients and that
CKC evaluations provide them additional insight into their
functional capacity.
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Summary

Rehabilitation and return to activity (RTA) guidelines
following ACL reconstruction (ACLR) is typically guided by
post-operative time, patient reported perceived function and
functional capacity measures. The purpose of this systematic
review was to determine biomarkers which may be used to
accurately reflect knee joint healing in patients recovering
from ACLR. Using the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
guidelines, articles that included participants who had
undergone ACLR and longitudinally measured biomarkers of
knee joint healing were identified. Levels of interleukin-6 (IL-
6; reflecting inflammation in the knee) and C-terminal
crosslinking telopeptide of type II collagen (CTX-II;
reflecting articular cartilage degradation in the knee) were
identified as the most prevalent and accurate biomarkers at
reflecting knee joint healing. Measuring the levels of these
biomarkers during the recovery process in adolescents could
lead to rehabilitation and RTA assessment informed by the
healing status of the knee.

Introduction

ACL injuries are increasing in prevalence by 2.3% annually
in adolescents [1] and lead to increased risk for early-onset
knee osteoarthritis (OA) [2]. Current ACL rehabilitation
guidelines do not directly reflect the physiological healing
process of the knee joint. Instead, the sole focus is on a
patients’ perceived function and their ability to meet
functional benchmarks in the lower extremities [3]. The
physiological healing process could provide prognostic
insight for clinicians and physiotherapists when rehabilitating
ACL-injured patients. Thus, the purpose of this systematic
review was to identify existing literature to determine 1) the
most prevalent and accurate biomarkers at reflecting knee
joint healing in patients after ACLR, and ii) the quantity of
these studies which include adolescents.

Methods

Following PRISMA guidelines, Medline, Embase, SCOPUS
and Web of Science databases were searched up until
September 2020. Studies were included if they (1) included

participants who had sustained a primary ACL injury and
undergone a subsequent ACLR, and (2) measured at least one
biomarker of knee joint healing at more than one time point.
The NIH quality assessment tool (before-after (pre-post)
study with no control group) was used to assess study quality.
The following datum were extracted: participant age;
biological sample(s); biomarker(s) analyzed.

Results and Discussion

Seven studies met inclusion criteria for this systematic review
(Table 1). IL-6 and CTX-II were the most prevalent
biomarkers (3/7 studies). These biomarkers reflected knee
joint healing through consistent elevation and/or gradual
decrease following ACLR. Six studies evaluated adult
populations (age range; Table 1). One study (average age
19.644.5) evaluated the effect of age on biomarker levels of
knee joint healing and showed a negative correlation between
age and CTX-II concentrations (r=-.769, p < 0.001 [6]).

Conclusions

This systematic review identified (1) only 7 studies which
evaluated healing using biomarkers following ACLR, (2) IL-
6 and CTX-II were the most commonly used, and (3) there is
a significant knowledge gap with respect to evaluating the
healing process of the knee in adolescent patients following
ACLR. Adolescents are unique from adults due to growth [4]
and sex hormone variation [5]. Therefore, biomarker research
in adults cannot simply be extrapolated to adolescents. In
addition to existing biomechanical rehabilitation tasks (e.g.
single-limb hops, limb-strength symmetry indices [3]), we
propose that rehabilitation and RTA assessment following
ACLR in adolescents could be informed by the healing status
of the knee, improving outcomes and reducing their risk of
early-onset knee OA.
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Table 1: Biomarkers of knee joint healing after ACLR and participant age from included studies, specifying the most prevalent biomarkers.

. Beynnon, Chmielweski, . Sobue, Tourville,
Study Anil, 2019 2002 2012 Larsson, 2017 Mendias, 2013 2017 2013
Age(meantSD) | 33.4+10.7 32.7+6.5 19.6+4.5 26+4.9 28+2.4 27.6+£9.0 28.9+10.25
B1.omarker type Cytokmes, . Cartilage Cytokmes, Mus.cle atropby, Cartilage Camlage
(biomarkers cartilage Cartilage metabolism cartilage/bone cytokines, cartilage metabolism metabolism
reoccurring in metabolism | metabolism (uCTX-1I) metabolism (sfIL- | metabolism (sIL-6) (uCTX-II)
>3 studies) (sfIL-6) “ 6, uCTX-II)

Abbrev: CTX-II, C-terminal crosslinking telopeptide of type II collagen; IL-6, Interleukin-6; s, serum; sf, synovial fluid; u, urine.
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Summary

We have developed an open-source workflow to estimate three-
dimensional kinematics from inertial measurement unit (IMU)
data over long durations (10min). We validated this workflow
for common activities, finding minimal drift (<1°) and 2-7°
(median) RMS difference for all lower extremity joint angles
except hip rotation (10-11° median RMS difference).

Introduction

The ability to track joint kinematics in natural environments
over long durations using IMUs has the ability to extend
biomechanics and rehabilitation research. An overwhelming
number of studies have assessed accuracy over short durations
(on the order of one minute) [1]. The majority do not report
accuracies over multiple joints or for non-sagittal plane
kinematics and lack open-source methods with which to
replicate their results [1]. We developed an open-source
workflow to estimate three-dimensional joint kinematics from
IMUs and validated it for ten-minute trials of both walking and
a varied sequence of lower-extremity tasks, including sitting,
standing, stair-stepping, side-stepping, walking, and running.

Methods

We collected both IMU and optical motion capture data for 11
healthy subjects in a laboratory environment, which included
significant amounts of electronic equipment and ferro-magnetic
materials. Subjects wore eight IMUs (Xsens North America
Inc., Culver City, CA) which were affixed to light, plexiglass
frames along with a cluster of 4-5 markers, and placed on body
segments (sternum, lower back (L5), thighs, shanks, feet). IMU
data were streamed at 100 Hz. In addition, 15 reflective markers
were placed on anatomical landmarks [2]. Marker positions
were measured at 100 Hz using a six-camera motion capture
system (Motion Analysis Co., Santa Rosa, CA). Experimental
data was collected while each subject completed two trials: (i)
ten minutes of walking and turning and (ii) ten minutes of a
sequence of lower-extremity movements that included sitting,
standing, stair-stepping, side-stepping, walking, and running.
We used an open-source complementary filter by Madgwick
and colleagues [3] to compute IMU orientations from the IMU
sensor data. We used an open-source workflow (OpenSim 4.2
[4]) to compute inverse kinematics from either IMU
orientations or optical marker positions, in both cases using a
physiological skeletal model [5]. The placement of IMUs on the
subject and corresponding skeletal model was determined using
an initial pose calibration computed from optical motion
capture data, as our main focus was assessing drift. We
compared the joint angles computed with IMU orientations to

the joint angles computed from optical motion capture using
descriptive statistics including root mean square (RMS)
difference. All joint measures were pooled bilaterally.

Results and Discussion

Our workflow, which used a skeletal model for inverse
kinematics and sensor fusion algorithms that incorporated
magnetometer data, estimated lower extremity joint kinematics
with minimal drift, <1° over ten minutes. We found RMS
differences compared to optical motion capture of 2-7° for
sagittal angles and 5-11° for non-sagittal angles over the ten-
minute period of walking, which are within the reported
variability and uncertainty of motion capture [6]. We saw the
same results over the ten-minute sequence of varied lower
extremity movements (not shown).
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Figure 1: Root mean square (RMS) difference between IMU-based
and optical-motion-capture-based lower extremity joint kinematics
over a 10 minute-period of overground walking.

We discovered that we could monitor drift using the orientation
errors from the inverse kinematics solution, which tracked drift
when it was present. We also found we could reduce drift by
reducing the relative weighting on distal IMUs (most affected
by magnetic disturbances) when solving inverse kinematics.

Conclusions

We share our workflow along with the data, models and
software (OpenSense, OpenSim 4.2 [5]) at simtk.org to allow
researchers to reproduce and extend our work. This workflow
enables accurate, long-duration measures, bringing the field one
step closer to estimating IMU-based kinematics in natural
environments.
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Summary

In this study, we evaluated the feasibility of using surface
electromyographic (SEMG) recordings of articulatory
muscle activity during silent speech for prosodic
communication. Surface EMG signals were acquired from
the face and neck as 4 speakers with and 4 without vocal
impairments silently mouthed a speech corpus of
prosodically varying phrases. Resulting signals were
processed through a multi-stage architecture to recognize
lexical content and categorize differences in phrase-level
stress (realized via altered pitch, loudness, and/or duration).
Cumulative word recognition and phrasal stress
discrimination rates exceeded 90% accuracy across speakers
with typical voices and speakers living with vocal
impairments. These findings provide a solid foundation for
using SEMG signals to recognize lexical and phrase-level
prosodic content from silent, mouthed speech.

Introduction

Over 7.5 million people worldwide are unable to vocalize
effectively [l]. Among these individuals are cancer
survivors who underwent oropharyngeal/laryngeal surgery
and must rely on augmentative and alternative
communication (AAC) systems such as text-to-speech
applications or artificial voice prostheses as substitutes for
their natural voices. Yet most of these devices struggle to
convey the expressive attributes of prosody, leading to
lexical ambiguities and a lack of emotional content [2]. To
address this need, we explored the use of sSEMG to extract
patterns for lexical and prosodic modulation from
articulatory musculature during silent, mouthed speech.

Methods

Our existing algorithms for detecting words from silent
speech [3,4] were expanded to recognize lexical content
produced with specific prosodic contrasts. The algorithms—
which recognize lexical content from articulatory SEMG
signals via a hidden Markov model leveraging SEMG-
derived Mel-frequency cepstral coefficients (MFCCs)—
were augmented to detect prosodic patterns in silent speech
by introducing two new processing stages: 1) speaker
adaptive training via feature-space maximum likelihood
linear regression for phoneme recognition in the presence of
prosodic variations, and 2) a multilayer perceptron neural
network to classify differences in phrasal stress (first word,
last word, no stress) using SEMG features extracted from
articulatory muscle patterns captured during silent speech.
Our silent speech recognition models were then evaluated
on sEMG signals recorded from the face and neck (Figure
1) as speakers with (N=4) and without (N=4) laryngectomy
silently mouthed a speech corpus comprising 750 phrases
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(650 phrases without stress and 100 phrases with first-word
or last-word stress).

“everything is ready”

Amplitude (mV)

0.5 sec 0.5 sec

Figure 1. Trigno™ Quattro sensors are shown at 8 locations on the
neck and face with examples of corresponding SEMG signals for
the phrase “everything is ready.”

Results and Discussion

Mean word recognition rates (96.3+3.1%) were comparable
between speakers with (95.8%) and without (96.8%)
laryngectomy (Table 1). Mean accuracy in predicting
phrase-level stress (91.244.5%) was also similar between
speakers with (89.6%) and without (92.9%) laryngectomy
(Table 1).

Table 1. Word recognition (WR) and phrasal stress discrimination
(PSD) rates in speakers with (L) and without (C) laryngectomy.

ID Cl | C2 | C3 | C4 | L1 | L2 | L3 |14
WR (%) | 954 | 96.4 | 96.3 | 99.2 | 96.2 | 89.5 | 99.0 | 98.6
PSD (%) | 99.0 | 86.7 1 90.0 | 95.7 | 86.8 | 88.0 | 90.0 | 93.4

Our results demonstrate a first-of-its-kind wearable system
that accurately (>90%) recognizes lexical and prosodic
content across speakers with typical voices and speakers
living with vocal impairments.

Conclusions

This work highlights the feasibility of sSEMG-based speech
recognition to capture prosodic attributes of silent speech in
combination with robust lexical content detection. This
study is an impactful first step toward the development of a
body-worn AAC system for use by individuals with vocal
impairments to restore personalized and prosodic speech
capabilities for communication.
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Summary

sEMG technologies that enable the monitoring of muscle
activation in clinical and out-patient settings are highly
relevant for continuous, remote monitoring of patients.
These technologies must be easy to use while providing high
quality sSEMG signals. The aim of this work is to develop an
algorithm for the identification of relevant SEMG channels
from an autonomously usable 16-channel sEMG sensor
system (SEMG SS). The algorithm is based on a hierarchical
approach, where channels are identified based on the highest
RMS values. Testing of the algorithm was done during
flexion and extension of the elbow and wrist to identify the
flexor and extensor muscle group of the forearm and the
brachioradialis muscle. Results showed the algorithm to be
92.5% effective in identifying these muscle groups. This
algorithm in conjunction with the sSEMG SS can particularly
enhance and promote the autonomous use of rehabilitation
devices and systems by patients with motor impairments.

Introduction

In rehabilitation, the use of wearable devices that record the
muscle activation of patients with motor disorders during
both therapy and the activities of daily living is extremely
important for assessing the efficacy of therapy and patients’
progress [1,2]. An autonomously usable SEMG SS has been
recently introduced that has proven its effectiveness in
obtaining high quality signals while being easy to use and
size-adaptive [1]. This armband-shaped system consists of
16 sEMG channels distributed among 8 modules. So far, the
device has been used to identify an sSEMG channel in which
the muscular activation of a specific muscle is recorded. The
aim of this work is to develop an algorithm, which will
enable the identification of 3 movement specific SEMG
channels from the 16 of the SEMG SS.

Methods

Following a hierarchical approach, an algorithm was
developed to identify 3 channels of interest in the SEMG SS,
based on the highest RMS values in 80 ms windows [1]. The
first relevant channel identified, corresponded to the muscle
that could cause crosstalk in the sEMG signals of
neighboring muscles. This channel is defined using an initial
movement. Once this channel was identified along with
adjacent channels in its module, they were removed from the
algorithm to ensure a correct recognition of the other two
predominantly active muscles, through a second movement.

To demonstrate the validity of the algorithm, two
movements were performed: flexion and extension of the
elbow and wrist. Thus, a group of forearm muscles
(brachioradialis, flexor and extensor) were identified, where
the risk of crosstalk was high.
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During the measurements, the sSEMG SS was autonomously
positioned around the forearm, on the line connecting the
axis through the wrist and the fossa cubit, at a location 1/3
from the fossa cubit. A series of 8 repetitions of elbow
flexion (110°) and extension (0°) was then performed,
followed by 8 repetitions of wrist flexion (40°) and extension
(70°). These repetitions were performed with an external
load of 1.5 kg while the subject was seated with the arms
hanging at the side of the body. Then, the subject removed
the SEMG SS. The procedure was repeated 40 times at a self-
selected movement speed. As a result, 40 different positions
of the device and 320 movement repetitions (8 repetitions x
40 positions) were achieved.

Results and Discussion

The algorithm misidentified the brachioradialis muscle in
only two of the forty trials. Incorrect identification of either
the flexor or extensor muscle groups occurred in only 1 trial.
In addition, the algorithm mistook the flexor muscle group
for the extensor muscle group in four of the forty trials. This
represents 92.5% effectiveness for the algorithm.

Due to the muscle organization in the forearm, identification
of these groups is particularly challenging. These results
show that the design of the sEMG SS is effective in
identifying the 3 selected muscles using 2 simple
movements. The algorithm first identified, through the
flexion and extension of the elbow, the SEMG channel
corresponding to the brachioradialis muscle, as well as its
adjacent channels. Thus, the risk of crosstalk was decreased
when identifying the flexor and extensor muscle groups of
the forearm. Additionally, the performance of an active wrist
extension contributed to the differentiation between the two
muscle groups.

Conclusions

The algorithm described has proven to be effective in
identifying 3 movement specific SEMG channels from a
multichannel sEMG SS through basic movements and
without exact positioning around the limb. This bodes
particularly well for the future usability of the SEMG SS, for
monitoring and assessing patients with motor impairments.
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Summary

The objective of this study is to characterize how accurately
a multi-sensor wearable system can estimate tibial bone
force during running. The system is comprised of one inertial
measurement unit (IMU) on the foot/shoe, pressure-sensing
insoles, and associated machine learning algorithms [1]. We
previously showed the feasibility, accuracy, and benefits of
this system using lab-based instrumentation and idealized
(i.e., simulated) wearable sensor signals. Here, we seek to
evaluate the use of real wearable sensors, and benchmark
how bone force accuracy compares with estimates from
idealized signals. Initial results are encouraging, with real
wearable sensors demonstrating only slightly decreased
accuracy (r = 0.92; correlation with lab-based estimates of
tibial force) compared with idealized wearable sensors (r =
0.95). This combination of wearable sensors and algorithms
continues to look promising as a practical solution for
accurately monitoring tibial bone force in the real-world.

Introduction

Tibial bone stress injuries are amongst the most frequent
injuries experienced by runners and are believed to result
from the accumulation of microdamage due to repetitive
tissue loading [1]. Developing a practical and accurate tool
for monitoring tibial bone force outside of a laboratory
setting could help us to understand, manage, and reduce
overuse injury risks to the tibia. However, existing
commercial tools are inadequate for monitoring tibial bone
forces because ground reaction force (GRF) metrics (e.g.,
vertical average loading rate, impact peak) and IMU-based
metrics (e.g., tibial shock) are not well correlated with tibial
bone force during running and cannot be assumed to indicate
loading on this bone or other tissues inside the body [2].

Tibial bone force can be estimated accurately using idealized
wearable sensor signals [3], demonstrating the exciting
potential of wearables to aid in understanding and mitigating
overuse injury risks. However, these idealized signals were
derived from lab-based data, and do not reflect the reduced
measurement accuracy of real wearable sensors. Here we
aimed to evaluate the accuracy of real wearable sensors for
estimating tibial bone force when using sensor subsets and
algorithms similar to those previously validated with
idealized sensor signals [3]. This abstract provides
preliminary results from four participants. At the conference,
a dataset of approximately ten participants will be presented.

Methods

Four recreational runners (2 males, 2 females; age 21-26
years, stature 1.8 = 0.05 m, mass 71 = 11 kg) completed a
series of running trials at different speeds (2.7, 3, 3.3 m/s),
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slopes (0°, 3°, 6°, -3°, -6°), and stride patterns. Lab-based
gold standard measures were collected using a force-
instrumented treadmill (Bertec) and motion capture cameras
(Vicon). Simultaneously, lower-body kinematics and in-shoe
pressure data were collected using real wearable sensors:
XSENS IMUs and Novel Pedar insoles. Peak tibial force
each step was computed using (i) lab instrumentation (target
metric), (ii) idealized wearable sensor signals distilled from
lab-based kinematic and GRF signals (idealized wearable
estimate), and (iii) real wearable sensor signals from portable
pressure insoles and one IMU on the foot (real wearable
estimate). Wearable estimates of tibial force were based on
machine learning algorithms and training methods similar to
[3]. Correlations between each wearable estimate and the
target tibial force metric were then computed and compared.

Results and Discussion

Idealized and real wearable sensor estimates were strongly
correlated with lab-based estimates of tibial bone force
across running conditions (Table 1). The average correlation
coefficient decreased from r=0.95 with idealized wearable
sensors to r = 0.92 with real wearable sensors.

Table 1: Correlation coefficients (r) between lab-based target tibial bone

force and (i) idealized wearable estimates, and (ii) real wearable estimates,
for first four participants.

Participant Idealized Wearable Real Wearable
1 (M) 0.99 0.93
2(M) 0.98 0.95
3(F) 0.97 0.93
4 (F) 091 0.77
Mean + SD 0.95 +0.03 0.92 +0.08
Conclusions

Preliminary results show promising potential for combining
pressure insoles, a foot/shoe IMU, and machine learning to
accurately monitor tibial forces during running, which could
unleash various new opportunities to enhance scientific
understanding, clinical care, and physical performance.
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Summary

Trunk posture and movement are reported to influence
performance in wheelchair sports. However, an ambulatory
system to measure on-site changes in trunk inclination is not
yet available. Recently, a new inertial measurement unit
(IMU)-based approach was proposed to improve the existing
Madgwick filter using machine learning, such that body
segment orientations can be determined more accurately in
IMU challenging sports situations. This approach was applied
to measure trunk motion during on-site wheelchair propulsion
and the validity of these measures was determined. Twelve
participants performed a series of wheelchair sport-specific
tests with IMUs attached to their wheelchair and trunk, while
simultaneously being measured with an optical motion
analysis system to serve as gold standard. Results showed a
mean absolute error of less than 5 degrees between IMU-
based trunk inclination and a gold standard. With the
application of an improved filter approach, IMUs can be
validly used to assess instantaneous trunk inclination.

Introduction

The interaction between athlete and wheelchair is crucial in
all wheelchair sports disciplines. More specifically, trunk
posture and movement are reported to have an effect on
performance in wheelchair sports. However, an ambulatory
system to measure changes in trunk inclination in the field is
not yet available. IMU-based systems seem to be suitable to
measure changes in trunk inclination in daily wheelchair sport
practice. To determine orientation from raw IMU signals, the
data can be fused together using an Attitude Heading
Reference system (AHRS). One commonly used and robust
AHRS is the Madgwick filter, which was used in this study.

Although this filter has previously provided accurate
orientation estimates, a problem with the use of IMUs to
determine body segment orientation in sports, is that the filter
assumes that the accelerometer only measures gravity and that
the magnetometer only measures the magnetic north. As these
assumptions do not hold for sports activities that are
characterized by linear accelerations (e.g., every push in
speed-skating or wheelchair propulsion) or by the presence of
magnetic sources (e.g., because of a bike or a wheelchair), the
estimated orientation shows errors that increase over time. For
wheelchair sports, this is no different. An approach that
improves the existing Madgwick filter, such that more

accurate body segment orientation estimates can be obtained
during such sports activities has been proposed.

The aim of this study was to investigate whether this improved
approach can be used to accurately measure IMU-based trunk
inclination during wheelchair propulsion.

Methods

Twelve differently skilled participants performed a series of
wheelchair sport-specific tests with IMUs attached to their
wheelchair (frame) and trunk (sternum), while simultaneously
being measured with an optical motion analysis system to
serve as gold standard. Using these data, a machine learning
model was trained and, accordingly, implemented to improve
the existing Madgwick filter. To assess the validity of the
‘improved’ Madgwick filter approach, trunk inclination was
calculated using the gold standard and using the IMU signals
which were processed using this approach. In addition, the
trunk inclination estimated using the proposed approach was
compared with that of the ‘regular’ approach in which the
Madgwick filter is applied.

Results and Discussion

Results show root-mean-square errors of less than 6 degrees
and a mean absolute error of less than 5 degrees when IMU-
based trunk inclination was compared with the gold standard.
When performance of the regular Madgwick approach was
compared with the performance of the improved Madgwick
approach as proposed in the current study, a decrease of 2
degrees root-mean-square error was found.

Conclusions

In conclusion, the improved approach to apply the Madgwick
filter provides accurate instantaneous trunk inclination
estimates during wheelchair propulsion using IMU data.
IMUs can thus be validly used to assess trunk inclination
during wheelchair sports activities in the field.
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Summary

Choosing which tests to include when designing a physical
testing battery to monitor rehabilitation status following
anterior cruciate ligament reconstruction (ACLR) is
important for clinicians. The aim of the study was to
examine the correspondence between movement strategies
when the same task was performed bilaterally and
unilaterally, and when two different unilateral tasks were
performed. Participants performed a bilateral drop jump, a
unilateral drop jump, and a 90° pre-planned cut. For each
task, the proportion of work done at the ankle, knee and hip
was calculated and compared between tasks. The joint
contributing the highest amount of work done was also used
to determine the dominant movement strategy for that task
(e.g. ankle-, knee-, hip-dominant movement strategy). A
significant, strong, positive relationship for proportion of
work done was observed between the bilateral and unilateral
drop jump, whereas a weak relationship was found for
proportion of work done at each joint between the unilateral
drop jump and the cut. The similarity between unilateral and
bilateral drop jumps suggest that clinicians may only need to
test one of the drop jumps and cut in future testing protocols.

Introduction

A dilemma for clinicians designing a physical testing battery
for post-ACLR patients returning to sport is choosing which
tests to include. Primarily, bilateral tasks have been used to
monitor recovery, but ACL injury mechanisms are more
commonly associated with unilateral landing and cutting
tasks [1]. Consequently, these movements are becoming
increasingly used in clinical testing batteries. The
distribution of mechanical work between the ankle, knee and
hip can be used to characterise athlete movement strategy for
jumping, landing and cutting. Task redundancy can be
identified by comparing movement strategies across both
bilateral and unilateral tasks, facilitating the design of
optimised physical testing batteries. The aim of the study
was to examine movement strategies when the same task
was performed bilaterally and unilaterally and when two
different unilateral tasks were performed.

Methods

127 male, multidirectional field sport athletes aged 18 - 35
years who had undergone ACLR approximately 9 months
prior to testing participated in the study (height: 1.81 = 0.06
m; mass: 82.7 + 9.3 kg). Participants visited the laboratory
once, completing three movement tasks as part of a clinical
testing battery: a bilateral drop jump, a unilateral drop jump
and a 90° pre-planned cut. Non-invasive reflective markers
were placed on the skin and shoes based on the Plug-in-Gait
lower limb marker set. Only data collected from the
reconstructed leg during the braking phase, defined as the
time between initial contact and lowest vertical centre of

mass displacement, was used for analysis. The relative
contribution of the ankle, knee and hip work to total lower
extremity joint work in the sagittal plane was calculated.
Spearman’s correlation (p < 0.05) was used to determine the
strength of the relationship between the proportions of work
done at the ankle, knee and hip for the bilateral and unilateral
drop jump and the unilateral drop jump and the cut.

Results and Discussion

A significant, strong, positive relationship was observed for
proportions of work done at the ankle, knee and hip joints
between the bilateral and unilateral drop jump, whereas a
very weak relationship was found for proportion of work
done at the ankle, knee and hip joints between the unilateral
drop jump and the cut (Figure 1). Both drop jumps employed
an ankle dominant strategy, whilst the cut utilised a knee
dominant strategy, as indexed by the highest proportion of
work observed at the ankle and knee, respectively.

a d
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» 15=0.610 rs=0.138

Work done (2

Work done (%)
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Work done (%)

0
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Figure 1. Correlation of proportion of work done between the
unilateral and bilateral drop jump at the (a)hip, (b)knee, and
(c)ankle, and between the cut and the unilateral drop jump at the
(d)hip, (e)knee, and (f) ankle. * p <0.05.

Conclusions

Movement strategies were similar (transferrable) between
the same task performed bilaterally and unilaterally, but not
across unilateral tasks. Thus, to assess movement strategies
after ACLR, clinicians could consider omitting one of the
drop jumps from assessment batteries but should include the
90° pre-planned cut.
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Summary

The effect of 8-weeks of functional resistance training (FRT)
on sagittal plane knee biomechanics was tested in individuals
with recent anterior cruciate ligament (ACL) reconstruction.
The changes in knee flexion moment symmetry were greater
in individuals who underwent FRT with resistance bands than
those who underwent FRT with a custom-designed brace or a
target-match control condition.

Introduction

Persistent muscle weakness is pervasive after ACL
reconstruction [1] and contributes to ongoing gait
asymmetries [2] and the possible development of post-
traumatic osteoarthritis [3]. FRT, or progressive low-load
resistance training performed during walking, may be a safe
and effective way early after ACL reconstruction to target gait
deficiencies because it allows for task-specific muscle
strengthening during gait. The purpose of this project,
therefore, was to determine if FRT improves knee mechanics
following ACL reconstruction.

Methods

Thirty individuals (9.5£2.9 weeks post-surgery) were
assigned to one of three groups: 1) FRT with a custom brace
designed to provide resistance primarily to the hamstring
muscles, 2) FRT with custom resistance band device designed
to provide resistance primarily to the quadriceps muscles, or
3) a target-match control group, where they received real-time
kinematic feedback with no FRT during walking. All
participants completed a 30-minute training session, 2-3 times
a week for eight weeks [4]. Three-dimensional motion capture
was used to assess knee biomechanics during overground
walking at a self-selected speed before and after the first and
last training session, respectively. Bilateral sagittal plane knee
angles and internal knee moments were calculated. A change
score for each variable was calculated as the time difference
(post-training—pre-training) of the limb symmetry scores
(ACL—uninjured). Statistical Parametric Mapping (SPM) was
used to assess group differences in the swing and stance phase
independently. Tukey’s post-hoc tests were used to identify
differences when group main effects were significant.
Significance was set a priori at p < 0.05.

Results and Discussion

Ten individuals in the brace group (Age=18.7+6.2yrs;
Mass=70.1+10.5kgs), eight individuals in the resistance band
group (Age=23.1+4.3yrs; Mass=70.3+12.6kgs), and nine
individuals in the control group (Age=20.4+5.6yrs;
Mass=69.5+14.0kgs) completed this study. The changes in

flexion moment symmetry were different between groups
from ~21 to 24% of the stance phase (p=0.045). The resistance
band group had significantly greater improvements in stance
phase flexion moment symmetry than the brace group
(p=0.043) and the control group (p=0.003). No differences
were found for stance or swing phase knee flexion angle, or
swing phase knee flexion moments.
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Figure 1: A: SPM Analysis in which the red dashed line indicates
the critical threshold, when crossed data in that window is deemed
significant. B: Limb symmetry values for before (Pre) and after
(Post) intervention for the knee moment.

Conclusions

FRT targeting the quadriceps muscles may provide benefits to
improve knee moment symmetry following ACL
reconstruction. An improvement in gait symmetry after ACL
reconstruction may help promote long-term knee joint health.
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Summary

A hierarchical clustering approach was usedto group runners
based onkinematics and kinetics. Bone stress injury incidence
was the highest in a group thattended towards a forefoot strike
pattern with shortstance phaseand high peak forces.

Introduction

Machine learning techniques may be able to provide new
insights into risk factors for running-related injury.
Hierarchical clustering is an unsupervised learning approach
that can group runners based on shared characteristics [1].
Injury incidence can then be studied in these groups to gamn
insight about potential risk factors forinjury. The purpose of
this study was to determine whether a hierarchical clusterng
approach can divide runners into meaningfully distinct groups
based on kinematics and kinetics by examining: 1) whether
any groups of runners have higher bone stress injury (BSI)
incidence, and 2) whether groups of runners show differences

in biomechanical metrics potentially relating to BSIrisk.

Methods

Preseason running (4.47 m/s) gait mechanics data from 68
collegiate cross country runners (42F) were analyzed. At the
time oftesting, athletes were cleared for full participation, had
no lower extremity injury in the prior 3 months, and had no
history of lower extremity surgery. Standard inverse
kinematics and dynamics approaches were applied to marker
trajectories and ground reaction forces (GRF).

Joint kinematics (hip adduction and flexion, knee flexion,
ankle dorsiflexion), kinetics (hip flexion, knee flexion, ankle
dorsiflexion moments) and GRF (vertical, anteroposterior,
mediolateral), were averaged across strides. Kinetics and GRF
were normalized to body mass for each athlete. Data from
each variable were normalized to the maximumand minimum
value observed across all athletes, and data fromall variables

were collated into a single vector for each athlete.

Principal component (PC) analysis was used to reduce the
dimensionality of the data. Hierarchical clustering was
performed to divide athletes into groups exhibiting similar
kinematics and kinetics based on their PC coefficients. A
hierarchical cluster tree was created based on Euclidean
distances between datapoints for each athlete using the Ward

algorithm, and distinct clusters of athletes were identified.
Subsequent BSI incidence, confirmed by medical imaging,
and biomechanical variables of interest were examined across
these clusters.

Results andDis cussion

Clustering identified 4 distinct groups of runners (Figure 1).

I Cluster 4 Cluster 2
Cluster 1

* ok * bk x k% ek 3
Athletes (* Indicates Subsequent BSI)

Figure 1: Hierarchical cluster tree based on runningkinematics and
kinetics. Endpointsalongthe x-axisrepresent individual athletes.

Separation Distance

BSI incidence was highest in cluster 1 and decreased through
cluster 4 (Table 1). Runners in cluster 1 tended towards
shorter stance duration, greater peak vertical GRF and ankle
plantarflexion moment, lesser peak knee flexion, and a
forefoot strike pattern. Each of these showed a monotonic
trend with BSIincidence. Ofnote, sexwas disproportionately
divided between clusters; however, similar trends held when
only female athletes were included.

Conclusions

Hierarchical clustering can split runners into meaningfully
distinct groups based on kinematics and kinetics. In this case,
groups showed differences in BSI incidence and in several
biomechanical variables potentially relating to BSIrisk. This
approach could yield insights into how and why injury risk
may differ across different types ofrunners.
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Table 1: Cluster splits, bone stress injury incidence, and several variables of interest showing differences between clusters.

Cluster | Females | Males BSI Stance Pk. Vertical Pk. Ankle PF Ankle DF Angle | Pk.KneeFIx.
Incidence Duration [ms] | GRF [N/kg] | Moment [Nm/kg] | at Foot Strike [°] Angle [°]
1 3 5 5/8  (63%) 180+ 10 295+£1.2 42+0.3 -15.3+6.0 39.9+£5.8
2 13 17 11/30 (37%) 191+9 27.84+2.0 39+0.3 -5.5+7.1 47.3+4.0
4 9 1 2/10 (20%) 211+13 24.2+1.6 3.2+0.2 5.5+£5.5 51.1+£3.2
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Summary

In efforts to predict post-traumatic osteoarthritis (PTOA)
progression, contemporary mechanobiological models
implement cytokine diffusion-mediated inflammation.
However, they lack an important biomechanical factor, the
advection of cytokines along with the flow of interstitial fluid
during physiological loading. Here, we refine the models
predicting the PTOA progression by introducing combined
diffusion and advection of cytokines in mechanically injured
cartilage. Our theoretical model could be used for identifying
lesions prone to accelerated inflammation-regulated cartilage
degradation involved in PTOA.

Introduction

Traumatic knee injuries may cause chondral lesions and
release of pro-inflammatory cytokines such as interleukin
(IL)-1, which infiltrate the articular cartilage via the synovial
fluid [1]. The latter occurs through diffusion and advection.
Both solute transfer mechanisms have been previously studied
in cartilage [2,3], but never in a mechanically injured fibril-
reinforced porohyperelastic swelling (FRPHES) material.
Here, we implement IL-1 diffusion and advection
mechanisms within such material. We aim to estimate the
combined effect of both mechanisms on the transport of pro-
inflammatory cytokines into the cartilage tissue.

Methods

Our model is based on a previous experimental study
including injurious and dynamic loading and culturing of
bovine cartilage in exogenous IL-1 (1 ng/ml) [4]. This
dynamical loading mimicking physiological loading was
simulated in injured and intact cartilage models using a
FRPHES material, incorporating depth-dependent structural
and compositional properties [5]. The obtained time-
dependent fluid velocity fields were imported into a previous
diffusion-driven model [6] and interpolated to each simulation
time point. Next, the cytokine diffusion-reaction equations
were supplemented with an advection term where the scaling
coefficient (Fig. 1, a<l) was inversely proportional to local
glycosaminoglycan content and solute molecular weight [2,3].
For comparison, an injury model without advection was
created.

Results and Discussion

Fluid velocities were higher near the lesion than in intact areas
(Fig. 1AB). Advection increased IL-1 uptake locally
compared to free diffusion (Fig. 1CEF) as suggested
previously [2,3]. Our model predicted unevenly concentrated
levels of IL-1 near the lesion and those were higher compared
to the intact model predictions (Fig. 1CDF). These results

indicate that dynamic loading could locally increase
concentrations of inflammatory mediators in injured tissue. If
early cytokine infiltration is not mitigated pharmaceutically,
elevated shear strains [5] might later degrade cartilage
synergistically with inflammation [4].
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Figure 1: Fluid velocities during a single load/unload cycle in A)
the injury and B) the intact model. Interleukin-1 infiltration due to
diffusion and advection in C) the injury and D) the intact model. E)
The cytokine concentrations in the injury model when advection
was disabled. F) Depth-wise cytokine concentration profiles show a
marked increase of cytokines near the side of the lesion, but not
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Conclusions

Uneven, rapid, and concentrated spread of pro-inflammatory
cytokines near lesions could locally disturb the cartilage
homeostasis. The adverse effects of advection-regulated
cytokine infiltration should be blocked early e.g. with
interleukin receptor antagonists to decelerate PTOA
progression during prolonged dynamic loading.
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Summary

The purpose of the current study was to investigate how
accelerometry based-features changed in response to fatigue
and their possible link with developing lower-leg overuse
injuries (LLOIs). Our initial hypotheses were that: (i) fatigue
would induce dynamic stability changes mainly occurring in
the horizontal plane; and (ii) subjects who sustained an injury
during a follow-up period of 6 months exhibited an increase
in dynamic loading during a fatiguing protocol compared to
subjects who did not sustain a LLOI. The findings of this
study support our first hypothesis and partially the second one.
With the accumulation of running fatigue, increased impact
accelerations in the horizontal plane were detected for
participants that would get injured during the 6 months
follow-up that are different from the uninjured group.

Introduction

Fatigue protocols have been used to detect movement
compensations [1] or changes in movement dynamics which
can possibly be linked with a higher risk of overuse injury [2].
Wearable accelerometers can successfully identify movement
deviations caused by running fatigue in indoor [3] and outdoor
running conditions [4]. However, no prospective studies have
ever attempted to link accelerometry-based measures of
dynamic stability and dynamic loading to the development of
running related injuries. We therefore investigated how these
features changed in response to fatigue and their possible link
with developing LLOIs.

Methods

One hundred and eighty-one participants aged 17-23 years
completed the Cooper test. The following accelerometry
based-measures of dynamic stability from all acceleration
directions  (Vertical, VT, Mediolateral, ML and
Anteroposterior, AP) were extracted for consecutive ten
percent of the Cooper test: the tri-axial ratio of acceleration
root mean square normalized with the resultant vector RMS
of all acceleration directions, step and stride regularity, and
sample entropy. Dynamic loading measures, impact
acceleration for all acceleration directions, and spatiotemporal
measures, contact time and step frequency, were also
extracted for consecutive ten percent of the Cooper test.

Participants then followed the same academic sports program
at a common sport facility during 26 weeks per academic year
and reported all LLOIS sustained during that period.

Results and Discussion

With the accumulation of running fatigue, increased impact
accelerations in the horizontal plane were detected for

participants that would get injured during the 6 months
follow-up that are different from the uninjured group (Figure
1).

The current study demonstrated that including a running
fatiguing protocol has the potential to identify runners at risk
for sustaining a lower-leg overuse injury. In addition, these
findings build on limited available evidence linking an
increased dynamic loading with the presence of LLOIs [5][6],
as these changes in movement dynamics not only occur after
but also prior onset of LLOI.

Interaction effect-Dynamic loading
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Figure 1: Significant interaction effects.

We also found that the fatigue accumulated with running had
a significant effect in several dynamic stability, loading and
spatiotemporal measures. Our findings are in line with
previous investigations using similar trunk mounted
accelerometer and accelerometer-based features [3] [4].

Conclusions

Our findings indicate that a single trunk-mounted
accelerometer can detect changes in CoM motion that are
exacerbated by running fatigue and linked to LLOIs.
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Summary

We examined if altered seat configurations affected the
contribution of power generated by the elbow, shoulder, and
trunk in a world-class Paralympic PR1 rower during
submaximal and maximal ergometer rowing. We found that
configurations with a reclined back rest increased the total
power generated during the maximal effort and increased the
relative contribution from the trunk while decreasing relative
shoulder contribution.

Introduction

Paralympic PR1 rowers have no leg function and minimal/no
trunk function [1]. Because of the impairments, these rowers
may benefit from individualized equipment for optimal
technique and performance [2]. We recently reported that
employing a seat configuration with a reclined backrest
(Figure 1) increased performance and efficiency in a world-
class PR1 Paralympic rower [3]. The adjusted seat resulted in
higher peak force, longer stroke length, and lower stroke
frequency compared to her usual configuration. These effects
were mainly attributed to the increased trunk range of motion.
In this study, we expanded on the previous analysis [3] and
examined if the adjusted seats affected the distribution of
power generation about the elbow, shoulder and trunk in the
world-class female PR1 rower.

Adjusted set up

Usual set up

Figure 2 The tested set configurations (backrest/seat): Adjusted (A): 25°/5°,
usual (B): 5°/0°.

Methods

The athlete performed one 4-min submaximal (ergomter
power output (Perg): 100 W) and one 4-min all-out (maximize
average Perg) bout of ergometer rowing (modified Concept2)
in both configurations (Figure 1). Handle force (200 Hz) and
kinematics (100 Hz) were collected, and inverse dynamics
were used to compute elbow (Pen), shoulder (Psho), and trunk
(Pwrunk) power output and the relative contribition to Perg. Work
done during drive (Wasive) Was calculated by time integration
of instantaneous power.

Results and Discussion

Employing the adjusted configuration during submaximal
rowing doubled Wy darive While stroke rate was halved
compared to her usual set up (Table 1). Further, the increased
trunk range of motion previously reported [3] coincided with
an increase in Py and a decrease in Pgy, in the adjusted
compared to the usual set up.

During maximal rowing, the athlete was able to increase Perg
by 43% in the adjusted setup compared to the usual setup. As
in submaximal rowing, this was mainly due to an increase in
Prunk and W gunk drive. Both during submaximal and maximal
rowing, the more work performed during drive was mainly
due to higher handle force (and moments) that were generated
over a longer time as stroke length was longer (peak angular
velocities during drive being quite similar between
conditions, Fig. 2). Relative power contributions remained
largely unaffected by intensity.
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Figure 1. Power, angular velocity and moment about the shoulder and elbow during
ethe submaximal bout of ergometer rowing in the two seat configurations. Vertical
lines indicate end of drive phase.

Conclusions

The increased trunk range of motion permitted by the reclined
backrest in the adjusted seat allowed for more work per stroke
to be performed, with a considerable increase in trunk power
generation, both during submaximal and maximal ergometer
rowing in a world-class PR1 Paralympic rower.
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Table 1. Effect of seat and backrest configurations on power generation and relative contribution to Perg, Warive, and stroke rate.

Perg Peib Psho Ptrunk Werg drive Welb drive Wsho drive Woirunk drive Stroke rate
W) W) W) W) ()] () () () (per min)
Submax | Adjusted 96 10 (10%) | 35 (36%) | 52 (54%) 219 32 53 128 26
Usual 92 5(6%) | 51(55%) | 36 (39%) 113 14 39 60 49
Max Adjusted 171 13 (8%) | 61 (36%) | 97 (57%) 198 23 40 133 52
Usual 120 8(6%) | 71(59%) | 41 (34%) 119 15 45 54 61
OD3 A130
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Summary

In para-kayak, athletes with unilateral above knee amputation
(AK) and below knee amputation (BK) compete in the same
class which is questionable since the legs are important for
paddling performance. The purpose was therefore to examine
differences in kinematic and kinetic performance variables
between AK and BK para-kayak athletes and between the
amputated (A) and non-amputated (NA) sides. No significant
differences were observed between the groups in the majority
of the examined variables suggesting that these group of
athletes may be able to compete in the same class.

Introduction

Lower limbs may contribute to up to 21% of paddling force,
16% of kayak speed [1], and perhaps ultimately contributing
to an increase in kayaking performance by 6% [2]. In para-
kayak, athletes with unilateral AK and BK athletes compete
in the same class. Since the leg movement during paddling is
most likely a result of the flexion and extension of the knee
joints, it is questionable whether athletes with these different
impairment types should compete in the same class. The
purposes of this study were therefore to examine the
differences in kinematic and kinetic performance variables
between AK and BK athletes and between the A and NA sides
during kayak ergometer paddling.

Methods

11 AK and 6 BK international level competitive para-kayak
athletes from 13 different countries participated in this study.
The data collection was conducted by the athletes paddling on
a kayak ergometer at an intensity level corresponding to the
intensity of a 200 m race. Three-dimensional (3D) kinematic
data from the body and paddle were recorded during the
paddling using a 12-camera optoelectronic system. Force was
measured using uniaxial piezoelectric force transducers
attached at the paddle shaft, a force plate attached to the kayak
seat and 3D piezoelectric force transducers attached to the
footrest. Independent #-tests and two-way mixed model
analysis of variance tests with one between-group factor
group (AK, BK) and one within group factor side (A, NA)
were performed. Significant interactions were followed up
with Bonferroni post-hoc tests.

Results and Discussion

There were no significant differences between the groups in
the main performance variables such as power output or
paddle force which was quite unexpected. Differences

OD3

between the groups were only seen in the hip joint in flexion
range of motion, flexion and extension velocity and flexion
moment where the BK group demonstrated larger values. The
NA side demonstrated greater values compared to the A side
in posterior force at the seat (Figure 1) and in hip flexion
moment. The posterior force at the seat during the drag phase
of the A side was smaller compared to the NA side. For the
AK athletes an anterior force could be seen for the A side,
likely due to the majority of the athletes not wearing a
prosthesis leading to an inability to push on the footrest during
the drag phase of that side. This results in there only being a
pull force on the footrest of the NA side resulting in the
athletes gliding anteriorly on the seat, creating an anterior
force.
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Figure 1: Maximal, minimal and mean posterior force at the seat.

Conclusions

The study examined differences in kinematic and kinetic
performance variables between para-kayak athletes with
unilateral AK and BK amputation as well as between the A
and NA sides. There were only significant differences
between the groups in the hip joint in flexion/extension ROM,
flexion and extension velocity and flexion moment.
Differences between the sides were seen in posterior force at
the seat and in hip flexion moment. The limited number of
variables in which differences between the groups were
observed indicate that athletes with AK and BK amputation
may be able to compete in the same class on similar terms.
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Summary

Numerous equipment with various protocols to attain the
wheelchair-specific anaerobic and aerobic exercise capacity
of wheelchair athletes in a standardized lab environment have
been used in previous research and practice. These are not
necessarily wheelchair or athlete-specific and not very well
standardised. This has implications for the comparison and
generalizability of the results [1]. This review provides an
overview of the assessment of lab-based wheelchair-specific
exercise capacity by wheelchair athletes. Different
characteristics of protocol designs are used interchangeably
and from this review, conclusions cannot be drawn about the
influence of the different aspects. Rather than to explore these
differences we aim for more standardization and better
reporting. Future studies should preferably use equipment that
allow anaerobic sprint testing, that can accommodate an
athletes own sports wheelchair and has the possibility of
measuring power output. The anaerobic and aerobic protocol
should be standardized, yet individualized towards their own
capacity [2].

Introduction

This scoping review aims to provide an overview of the
assessment of lab-based tests for the anaerobic and aerobic
wheelchair-specific exercise capacity in wheelchair athletes.
Accurate measurement of those entities provides a basis for
individualized training programmes and if athletes are
measured over time with the same methods their wheelchair-
specific exercise capacity can be monitored Our second aim
is to generate a framework of protocols for standardized, yet
individualized lab-based wheelchair-specific  exercise
capacity testing in wheelchair athletes.

Methods

A scoping literature search in Pubmed, Web of Science,
Embase and CHINAL was conducted with the following
search terms: (Wheelchair*) AND (Ergomet* OR
Dynamomet* OR Simulator OR Treadmill) AND (Sport OR
Athlet* OR Para-Athlet*) AND (Exercise test* OR
Laboratory based test* OR Maximal incremental test* OR
Multistage test* OR Aerobic test* OR Sprint test* OR
Wingate OR Anaerobic test™*).

Results and Discussion

OD3

The search resulted in 9 and 37 unique protocols for
respectively wheelchair-specific anaerobic and aerobic
exercise capacity testing. A variety of participants were
included in the studies, numerous treadmills and ergometers
were utilized and protocols vary widely. Also, several
different outcomes to describe the wheelchair-specific
exercise capacity were reported. Besides this, information
regarding the participant characteristics or used methods was
often missing.

Conclusions

Different characteristics of protocol designs are used
interchangeably and from this review, we cannot draw
conclusions about the influence of the different aspects.
Rather than to explore these differences we aim for more
standardized protocols and better reporting. Future studies
should preferably use equipment that allow anaerobic sprint
testing, that can accommodate an athletes own sports
wheelchair and has the possibility of measuring power output.
The anaerobic and aerobic protocol should be standardized,
yet individualized. Protocols should be build towards the
predicted outcome of the athlete which is based on an earlier
performed test [2]. A checklist is provided together with this
review, which shows the preferable equipment, protocol and
all the relevant information and outcomes that should at least
be reported by researchers and practitioners. With these
guidelines we hope to work towards more individualization
and standardization in future wheelchair-specific exercise
testing and more international agreement.
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Summary

Maximal isometric leg strength differs in three groups of
para-cyclists with leg impairments while race speed does
not, suggesting that the level of impairment in muscles
important in cycling can be measured without predicting
sport performance.

Introduction

In the C-class in para-cycling athletes compete on typical
race bikes in time trials, mass starts and track cycling. To be
eligible for the C-class, athletes must have impaired muscle
strength or range of motion, limb deficiency, leg length
difference, athetosis, ataxia or hypertonia. Activity
limitations caused by impairments are expected to hinder
cycling performance and therefore, the C-class covers five
sport classes: Cl to C5 (C5 being least impaired).

Research describing the impact of different impairments on
race performance is limited. The current classification
system needs to be evaluated to assure evidence-based
classification procedures, as highlighted by the International
Paralympic Committee [1]. The aim of this study was to
compare the impact of lower limb impairments on leg
strength and cycling performance in the C-class.

Methods

Data from 58 para-cyclists was collected at four para-cycling
events (World Cups and World Championships) in 2018-
2019, sanctioned by the international cycling federation,
UCIL The data collection protocol included isometric and
dynamic strength testing and a sprint test.

In the isometric test, the athlete was seated in a custom-built
strength setup with one foot on the floor and the tested leg
reached horizontally out in front (knee flexion 50°) with the
foot against a footrest equipped with force transducers.
Maximal force (N) was exerted on the footrest in a leg push.
The dynamic test was conducted on a cycling ergometer
(Cyclus2, RBM Electronics, Germany) by pushing the pedal
from the top (0° of the pedal revolution) to bottom position
(180°), measuring peak power (W). A standardized 20-s all-
out sprint test was performed to measure mean power output
(MPO) (W). The three conducted tests were adjusted for
body mass (kg). Time trial results (knvh) from the respective
event where the athlete was tested were obtained [2].

Athletes were split into three groups based on impairments:
impaired muscle strength (IM), transfemoral amputation
(FA; one-legged cycling) and transtibial amputation (TA;
two-legged cycling with prosthetics). One-way ANOVA
with Tukey’s HSD post-hoc test was conducted to compare
effect of impairment on strength and performance variables.

OD3

Results and Discussion

The isometric test differed significantly (F[2,55] = 1247, p <
.001) between all groups. TA had significantly higher
strength than IM (p = .003) and FA (p <.001), and IM had
significantly higher strength than FA (p = .037). A
significant difference was not evident in race speed (F[2,53]
= 1.74, p = .185). The dynamic test (F[2,55] = 9.20, p <
.001) and MPO (F[2,54] = 6.79, p < .005) were higher in TA
than FA (p = .002, p = .009 for respective test) and in IM
than FA (p = .001, p = .001 for respective test). The large
variance in particularly the IM group is likely due to a large
spread in impairment severity in IM athletes.
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Figure 1: Effects of impairment on muscle strength tests (isometric
and dynamic push) and performance (mean power and race speed).

Conclusions

To facilitate fair competition in para-cycling, classification
methods need to assess activity limitation while not
simultaneously impact the outcome of competition. The
isometric strength results differ from race outcome results,
indicating that the impact of impairment can be determined
regardless of cycling performance. Further research is
needed to explore confounding variables e.g. training, sex
and experience and their role in test and race outcomes.

Acknowledgments

This project has been carried out with financial support from
the Union Cycliste Internationale. The funding body was not
involved in decisions concerning the design of this abstract,
data analysis, interpretation of data or in reporting and
publishing this project.

References

[1]1 IPC (2015). Athlete Classification Code. Retrieved from
www.paralympic.org

[2] UCI (2019). Official Book of Results. Retrieved from
WWW.UCLOTIg

A133




Validation of a new sport specific Trunk Test Battery for Paracanoe

Anna Bjerkefors'2, Johanna S. Rosén!, Olga Tarassova', Martin Eriksson-Crommert>.

The Swedish School of Sport and Health Sciences (GIH), and, Department of Neuroscience, Karolinska Institute, Stockholm,
Sweden, and *University Health Care Research Center, Faculty of Medicine and Health, Orebro University, Orebro, Sweden.
Email: anna.bjerkefors@gih.se

Summary

The Trunk Test Battery (TTB) used in the Paracanoe medical
classification is a valid test to measure trunk function in
athletes with impaired muscle power, impaired passive range
of movement and limb deficiency. A general form of the
equation to predict power output from TTB, age and gender is
Power output = 197.443 + (2.057*TTB) + (57.540*Gender) +
(—3.118*Age).

Introduction

Para-kayak is one of two disciplines in the sport of Paracanoe
and debuted in the Paralympic Games in 2016. In para-sport,
athletes need to go through a classification process before they
are able to compete. This process allocates athletes to different
sport classes based on the impact of impairment on sport
performance. In para-kayak, athletes with impaired trunk
and/or leg function are allocated to and compete in one of
three classes: KLL1, KL2, or KL3 based on the results from the
medical and technical classification. The medical
classification involves tests of trunk and leg function. The
Trunk Test Battery (TTB) consists of manual muscle tests
(MMT) and functional assessment tests (FA). The outcome is
scored on a 0 — 2-point ordinal scale.

The purpose of the study was to validate the TTB used in para-
kayak classification. The research question was to examine
the effect of age, gender, training intensity, TTB, MMT and
FA on sport performance (power output), i.e. kayak ergometer
paddling.

Methods

Fifty international or national level para-kayak athletes (16
females and 34 males) from 11 countries performed the TTB.
A subgroup of 26 athletes (8 females and 18 males) completed
a sport-specific performance test on a kayak ergometer. The
TTB consisted of the MMT (six trunk muscle tasks performed
in lying; flexion/extension, rotation left/right, lateral flexion
left/right) and the FA (four tasks in unsupported sitting; static,
dynamic and perturbation on stable and unstable surface). The
kayak ergometer test was performed during high intensity
paddling during 20 stroke cycles. Separate multiple linear
regression analyses were carried out to investigate whether
age, gender and training intensity and either a) TTB, b) MMT,
C) FA, d) FAstatic, e) FAdyn, f) FAstable Or g) FAunstable could
significantly predict athletes’ sport performance.

OD3

Results and Discussion

The mean power output during high intensity paddling on the
kayak ergometer for males was 226.5 + 108.6 W and for
females 145.3 £57.9 W. The results of the regression analyses
indicated that Model 3 in all analyses showed the highest R?
(adjusted in %) in TTB, FA and FAgy (Table 1). In these
analyses, the results showed that all independent predictors
except training intensity significantly predicted sport
performance outcome.

Table 1. Multiple linear regression analyses to evaluate if age, gender,
training intensity and either a) TTB, b) MMT and c) FAgy,, predict changes

in sport performance (power output) in paracanoe athletes (n=26).

B SE P-value

a) TTB 2.057 0.257 <0.001

Gender 57.540 18.602 0.005

Age -3.118 1.099 0.010

R2 adjusted in % 82.8
ANOVA F(3,22) =41.189, p <0.001

b) FA 2.290 0.287 <0.001

Gender 55.396 18.621 0.007

Age -3.184 1.097 0.008

R2 adjusted in % 82.8
ANOVA F(3,22) =41048, p <0.001

¢) FAayn 13.047 1.541 <0.001

Gender 57482 17.184 0.004

Age -3.337 1.041 0.004

R2 adjusted in % 84.3

ANOVA F(3,22) =45.577, p <0.001
Notes: B=unstandardized beta coefficient, SE = standard error of the estimate, R>= explained variance
adjusted in %. Training intensity was excluded in all three models.

Conclusions

To facilitate fair competition, the International Paralympic
Committee requires all para-sports included in the Paralympic
Games to develop and use classification systems based on
evidence [1]. The new TTB was shown to be valid to measure
sport specific trunk function and it was feasible to perform in
Paracanoe classification. Further research on trunk function is
needed where athletes with different impairment types are
included and the impact of adaptive sport-specific equipment,
strapping and positioning is evaluated.
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Summary

Metacarpal fractures represent approximately 30% of all hand
fractures that are evaluated in the emergency setting due to
accidental falls or a direct blow to the fingers [1].
Intramedullary headless compression screw (HCS) fixation is
a promising treatment method with the capacity to generate 60
N of compression [1]. Mechanical properties such as
displacement with cyclic loading and stiffness were tested
with this method to simulate a range of motion hand therapy
exercises at 40 N. A test was also conducted to understand the
peak load at which the metacarpal strength fails.

Introduction

Surgical techniques such as K-Wire and external fixation for
metacarpal fractures lead to impediments such as infection,
tendon injury and malunion [1]. Intermedullary HCS fixation
is an alternative method to address high rates of complications
post-surgery. The purpose of this study is to evaluate the
mechanical properties such as stiffness and strength of HCS
fixation of a metacarpal neck fracture.

Methods

A metacarpal neck fracture model was created in 13 fourth
generation composite Sawbones by removing a volar-based
bone wedge using a custom cutting jig to simulate a typical
apex dorsal fracture, unstable in flexion (Figure 2). The bones
were then fixed by 3.0 mm retrograde HCS fixation. A 3-D
printed fixation jig was used to assure all hardware was
identically placed. Models were potted at the base and
mounted vertically in a material testing machine
(Mark10:ESM1500), employing a cable tensioned over the
metacarpal head to simulate forceful grip loading. Cyclic
loading to 40N (simulating finger active range of motion
exercises) and failure testing were performed. Load,
displacement, and failure mode were recorded [2].

Results and Discussion

During cyclic loading to 40 N, the HCS models (n=4, 7.1+0.4
mm) exhibited significantly higher displacement with cyclic
loading than a healthy metacarpal (5.4+1.2 mm). In addition,
average displacement to failure of the HCS models (3.3+0.7
mm) were non—significantly lower and their corresponding
loads to failure (137.4+30.17 N) were significantly higher than
a healthy specimen (63.8+24.9 N) (Figurela). Lastly, even
though average final stiffness was higher than average initial
stiffness, the average of the difference between them (5.1+3.8
N/m) was non-significantly higher than that of healthy
specimen (4.7+1.3 N/m).

Loading to Failure for Metacarpals 1-4

Load (N)

Figure 1: Plot of Total Force to
mechanical failure

Conclusions

The HCS model provided comparable evidence of its
mechanical properties which are similar to a simulated grip
model (Table 1) [1]. The construct is also internally buried
inside the bone and avoids the restrictive nature of pins that
limit early motion exercises.
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Figure 2: Experimental set-up

Table 1: Displacement with Cyclic Loading, Average Stiffness, Load to Failure, and Displacement at Failure of the HCS

ID | Displacement after cyclic loading (mm) Stiffness(N/m) Load to Failure (N) Displacement to failure (mm)
1 5.84+2.5 7.4+0.1 159+30.2 8.6+0.2
2 2.44+3.4 6.7£2.3 149+13.8 9.4+£3.4
3 2.64+7.5 7.9+0.7 2144224 9.74£2.5
4 4.84+3.1 6.5£4.4 184.5+10.5 8.2+3.1
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Summary

There are multiple challenges to the study of in-vivo
wrist mechanics. We present a preliminary model of
the midcarpal joint based on computed tomography
(CT) scans of normal wrists. By applying forces
acquired in-vivo to the model we can study in-vivo
biomechanics without invasive procedures. Our model
predicted that the angle between the lunate and the
capitate is significantly different between lunates type
1 and 2 in the midcarpal joint p<0.0001.Significant
differences in force transfer are predicted by the model,
dependent on midcarpal joint type. Further study will
delineate disparate measurements calculated from the
model and may improve the model’s ability to predict
force transfer and kinematics.

Introduction

It is difficult to obtain in-vivo data to study
structure of the wrist and its effect on wrist function[1,2].
We present a preliminary model of the midcarpal joint based
on computed tomography (CT) scans of normal wrists. By
applying forces acquired in-vivo to the model we can study
in-vivo biomechanics without invasive procedures thus
providing a platform for the study of wrist mechanics.

Previous models have not succeeded in accounting
for variable patterns of bony shape and configuration likely
due to the complexity of wrist structure.

Our purpose was to:

1) Generate an initial model of the midcarpal joint of the
wrist based on normal wrist CT scans.

2) Generate separate models for the midcarpal joint based on
2 distinct wrist types (type 1 and type 2).

Methods

Thirty-five CT scans, (dicom files, anonymized, 2mm/slice
resolution) were selected from a normal patient database and
converted into 3-dimensional .stl files using OsiriX software
(version 9, 2016, GNU LGPL), for classification. Solid
Mechanics study in stationary conditions was used through
the COMSOL library. Material properties for these models
were generated from COMSOL materials library. The
models were divided into 2 categories based on lunate type.
Simulated loads were applied to the most distal articular
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surface of the model. A load of 200N was applied in a distal
to proximal direction, consistent with other studies. The
predicted forces and movement were compared between the
2 wrist types.

Results and Discussion

Thirty-three percent of individuals displayed a
Type 1 joint, and 67% of individuals in the sample
presented with a Type 2 joint. The movements or
displacement of the components in the midcarpal
joint differed between wrist types 1 and 2. The
angle between the lunate and the capitate was
significantly different between lunates type 1 and 2
p<0.0001. On force application, the surface stress
and volume stress on the carpometacarpal (CMC)
joints did not differ significantly between the 2
wrist types p=0.38. However, the forces were
predicted to travel more ulnarly in a type 1 wrist,
and more radially-towards the scaphoid and
scapholunate ligament- in type 2 wrists.

Conclusions

¢ The model can be used to predict
movement after loading through the
midcarpal joint.

¢ Significant differences in force transfer are
predicted by the model, dependent on
midcarpal joint type.

* Further study will delineate disparate
measurements calculated from the model.
And improve the model’s ability to predict
force transfer and kinematics
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Summary

A 3D carpal tunnel model was created by co-registering
computed tomography scanning of carpal bones and robot-
assisted ultrasound imaging of the transverse carpal ligament.
The model allowed morphological analyses of bone and
ligament arches at various tunnel locations and provided
previously unknown information of carpal tunnel
morphological properties. The developed multimodal
imaging technique and the morphological analyses can be
applied to examine pathomorphological changes of the wrist.

Introduction

The carpal tunnel is bounded by the transverse carpal ligament
and carpal bones, which can be divided into the ligament and
bone arches. The ideal imaging modality for morphology
investigation of the carpal tunnel as an osseoligamentous
structure is ultrasonography for ligament arch and computed
tomography for bone arch. Therefore, the purposes of the
study were to 1) establish methodology for reconstructing
three-dimensional carpal tunnel by computed tomography
scanning of carpal bones and ultrasound imaging of the
ligament, and 2) investigate the morphology of the bone and
ligament arches across carpal tunnel. We hypothesized that
the ligament arch would occupy lesser carpal tunnel space as
compared to the bone arch, and the bone and ligament arch
spaces would be dependent on the location of the carpal
tunnel.

Methods

Nine freshly frozen male cadaveric hand specimens were
used. To reconstruct the ligament arch, multiple cross-
sectional images of the ligament and the ligament-osseous
attachments  were  collected using  robot-assisted
ultrasonography. Then the 2D image coordinates of
anatomical features were spatially assembled to 3D point
cloud of ligament arch using the positional information from
the robot (Figure 1A). To reconstruct the bone arch, 3D
surface of individual carpal bones was obtained by performing
image segmentation on computed tomography scans. A 3D
bone arch point cloud was reconstructed by filling the space
between two adjacent bones with surrogate tissues of up to 3
mm thickness (Figure 1B).

The bone and ligament arches were co-registered into a
common coordinate system to model a 3D carpal tunnel point
cloud (Figure 1C) using the iterative closest points algorithm.
The algorithm provided a rigid transformation matrix by
performing a geometric match between the partial bone
information from 3D ultrasonography and entire bone
geometry from computed tomography scans.
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Figure 1: Sample reconstruction of ligament arch using
ultrasonography (A), bone arch using computed tomography (B), and
carpal tunnel using multimodal co-registration of both arches (C).

Results and Discussion

Total tunnel volume was 6820.8 £ 1278.7 mm?, agreed with a
previous study [1]. The bone arch volume (5719.6 £ 1049.2
mm?) was significantly greater than the ligament arch volume
(1101.2 + 230.5 mm?, p<0.05), consistent with previous
findings [2]. The bone arch areas were significantly larger
than the ligament areas at all tunnel levels (proximal, middle,
distal, all p<0.05). Additionally, both arches varied
significantly with tunnel locations (p<0.05). The ligament
arch area progressively increased from distal to proximal
locations, whereas the bone arch area was greatest at the
middle location but tapered down towards the tunnel edges.

The robot-ultrasound incorporation allows for 3D ligament
reconstruction from 2D ultrasound images, advancing the
imaging of the carpal tunnel. The developed multimodal
imaging technique and the calculated outcome parameters can
be applied to examine the pathomorphological changes
associated with the carpal tunnel.

Conclusions

A multimodal imaging technique was developed to
reconstruct 3D carpal tunnel for advanced morphological
analyses of bone and ligament arches, which advances our
understanding of the carpal tunnel morphological properties.
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Summary

Dynamic computed tomography (CT) can be used to quantify
joint motion. Joint angles are often calculated using manually
placed anatomical landmarks (AL). This can be a highly
subjective process and a better understanding of the associated
errors resulting from manually placed AL on joint angles from
dynamic CT scans is needed. Further, processing dynamic CT
data can be prohibitively long. A semi-automated post-
processing pipeline is proposed to improve processing times
for joint angle quantification. Inter- and intra-rater analysis
was performed on segment coordinate system (SCS)
orientation and joint angles between three raters. Results show
excellent reliability between raters for SCS orientation.

Introduction

Osteoarthritis (OA) is a degenerative joint disease that
commonly affects the joints of the hand, including the
trapeziometacarpal (TMC) joint [1]. OA is considered a
complex and multifactorial disease in which biomechanics
play a role [1]. While dynamic CT can provide real time
visualization of bone and joint motion, structural joint
changes caused by OA can impact the reproducibility of
calculated joint angles from manually placed ALs. It is not
clear how much variation in SCS orientation and resulting
joint angles can be expected from this subjective task. A joint
angle reproducibility study of the TMC joint using a joint
coordinate system (JCS) is presented for dynamic CT data
sets. Further, a semi-automated post-processing pipeline has
been developed to quantify joint angles from dynamic CT
scans of the TMC joint and improve upon the extensive
processing times presented in literature [2].

Methods

Ten cadaveric hand specimens (5 female, age: 83.4+15.0 yrs)
were scanned. Dynamic CT was acquired with 120kVp,
100mA, 4cm longitudinal coverage, 4vol/s gantry rotation,
and 15s scan time. A custom passive motion device was used
to move the thumb through radial abduction-adduction. Due
to limitations in dynamic CT image quality and longitudinal
coverage, high resolution peripheral quantitative CT (HR-
pQCT) scans with 6lum isotropic voxels (XtremeCTII,
Scanco Medical) were acquired to generate masks and for
SCS definition (Figure 1). Static CT images were binarized
using global thresholds, binary morphological operations, and
connected component labelling. Dynamic CT images were
binarized using intensity-based sequential registration of CT

bone masks. Joint angles were measured using a JCS
representation [3]. SCS for each bone in the TMC joint were
generated using ALs [4] selected by three raters. SCS
orientation between raters was assessed by comparing angles
between SCS axes and the principal axes of each segment.
Inter- and intra-rater reliability was assessed using a two-way
intraclass correlation coefficient (ICC) for SCS orientation
and joint angle results between all three raters.

Results and Discussion

A semi-automated post-processing pipeline was developed
that only required minor manual adjustments to the binary
masks of each bone, due to narrow joint space and landmark
placement. SCS orientation between raters showed excellent
intra- and inter-rater reliability (Table 1). This study provides
the groundwork for future studies that will assess the
relationship between joint structure and function in
osteoarthritic TMC joints using dynamic CT.
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motion device used during dynamic CT scanning (right).
Conclusions

Both inter- and intra-rater reliability was excellent when
comparing orientation of both SCSs. This suggests that
careful placement of AL on 3D bone models using detailed
instructions and high-resolution bone models can provide
reliable SCSs for the trapeziometacarpal joint.
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Table 1: Inter- and intra-rater ICC values for segment coordinate system orientation, compared to principal axes of each segment.

X _MCI Y MCI Z MCI X_TRP Y _TRP Z TRP

Inter-Rater ICC 0.988 0.994 0.908 0.978 0.989 0.976

Intra-Rater ICC 0.993 0.997 0.936 0.988 0.995 0.979
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Summary

We developed a passive device implanted between the flexor
digitorum profundus (FDP) tendons of insertion to construct
a passive “differential mechanism” between the extensor
carpi radialis longus (ECRL) muscle and the finger tendons
(US Patents 9,925,035 and 10,595,984). This differential
mechanism enables some finger(s) to continue to flex and
make contact with the object even if other finger(s) are locked
(checkreined) by already having made contact.

Introduction

High median-ulnar nerve injury paralyzes part of the FDP
muscle and the entire flexor digitorum superificialis (FDS)
muscle, resulting in limited grasp function by the patient. One
of the current surgical solutions to restore flexion of the four
fingers is a tendon transfer procedure that re-routes and
directly sutures all four FDP tendons of insertion to the single
tendon of insertion of the ECRL muscle, a wrist extensor
innervated by the radial nerve.e.g., 1] However, this
procedure has a fundamental drawback: the surgery couples
the previously independent movement of all four fingers
because the excursion of the ECRL determines the excursion
of all four FDP tendons of insertion. With this coupled finger
flexion, all fingers cease to flex as soon as one finger makes
contact with the object. This prevents all fingers from making
contact when grasping irregularly shaped objects. Simple
tasks such as holding an apple or using a knife with a
contoured handle become challenging. This results in reduced
function affecting quality of life.

Methods

We tested the implant’s ability to create differential flexion
between the index and middle fingers during grasp when
actuated by a single muscle in two human cadaver hands using
a closed-loop  computer-controlled  actuation  and
measurement paradigm. In the cadaveric models, the implants
enabled significantly more differential flexion between the
index and middle fingers for a wide range of donor tendon
tensions. The implants also redistributed fingertip forces
between fingers.

Results and Discussion

When grasping uneven objects, the difference in contact
forces between the index and middle fingers was reduced by
23% when compared with the current suture-based surgery.
This means that force distribution is more even with the
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implant in spite of the difference in flexion angle of the
fingers. These results suggest that self-adaptive grasp is
possible in tendon transfers that drive multiple distal flexor
tendons with one donor muscle.

(A) Suture-based approach

Figure 1: Experimental set up with cadaveric hands. For the
traditional (A) and implant conditions (B), we measured the fingertip
forces on the sensing paddle for a given tension in the donor tendon
for different rotation angles of the sensing paddle.

Conclusions

The addition of an implant in the transfer of the ECRL to the
FDP of the index and middle finger enhanced the cadaveric
model’s ability to flex each finger different amounts and apply
variable pressure. Translating this biomechanical advantage
to patients would likely enhance hand functional recovery
after high median nerve palsy surgical reconstruction.
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Summary

Nordic hamstring exercise (NHE) is an eccentric exercise
that elicits substantial changes in hamstring fascicle length,
which potentially protects the muscle from subsequent
injury. Yet, the macroscopic and microscopic changes that
contribute to the mechanical load-induced hamstrings
lengthening response remain poorly understood. In this
study, we measured in vivo fascicle and sarcomere length
changes in the biceps femoris long head (BFlh) in ten
individuals after a three-week NHE training program. We
found an increase in fascicle and sarcomere lengths in the
distal but not the central portion of the BFlh. Our results
suggest that fascicle lengthening is due to sarcomere
lengthening rather than serial sarcomere addition at the
outset of the adaptive process.

Introduction

Eccentric training helps enhance muscle strength, power,
speed, and protection from subsequent exercise-induced
muscle damage [1,2]. NHE is one such eccentric exercise
that elicits changes in fascicle length; however, the
mechanisms underlying these fascicle length changes and the
role of muscle architectural adaptations in preventing
injuries are still largely unknown. Therefore, this study
aimed to measure multi-scale BFlh adaptations by in vivo
measurement of fascicle and sarcomere lengths before and
after NHE training.

Methods

Ten recreationally active participants (age: 27 + 3 years,
mass: 70 + 14 kg, height: 174 £ 9 cm) completed three
weeks (nine sessions) of NHE training. Participants
performed NHE using a custom padded board with uniaxial
load cells attached to ankle braces. We estimated eccentric
knee flexion strength as the average of the load cells' highest
measurements during three maximal NHE repetitions. We
measured in vivo sarcomere and fascicle lengths in the
central and distal regions of the BFlh using second harmonic
generation microendoscopy [3] and freehand 3D
ultrasonography, respectively. During imaging, participants
laid prone with their hips and knees fully extended and their
feet in a neutral position off the end of the bed.

Results and Discussion

Eccentric knee flexion strength increased after the training
(15%, P < 0.001, n,*> = 0.75). Fascicle lengths significantly
increased (21%, P < 0.001, n,> = 0.81), as well as sarcomere

(17%, P < 0.001, n,? = 0.9) lengths, in the distal but not the
central portion of the BFlh.
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Figure 1: Fascicle lengths (A) and sarcomere lengths (B) in the
central and distal portions of the BF1h at baseline (filled circles) and
after NHE training (End, open circles). Each color is an individual
participant, with the average across participant averages in black.

Conclusions

Fascicle length adaptations appear to be heterogeneous in the
BFIf in response to three weeks of NHE training. An
increase in sarcomere length, rather than the addition of
sarcomeres in series, appeared to be underlying the initial
BFlh adaptations we studied. The mechanism driving
regional increases in fascicle and sarcomere length remains
unknown, but we speculate it may be driven by regional
changes in the passive tension of muscle or connective tissue
adaptations.
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Summary

Foot-strike and toe-off detection is often critical in the
assessment of running biomechanics. The onset and offset of
the vertical ground reaction force is regarded as the “gold
standard” method for step event detection, but several
kinematics-based algorithms have been proposed to detect
foot-strike and toe-off in the absence of force plates. However,
the accuracy and generalisability of kinematics-based
methods are often limited. Therefore, we developed FootNet,
an algorithm using kinematic input and deep learning, to
improve the detection of foot-strike and toe-off events during
treadmill running in a variety of speed, foot-strike angle and
incline conditions.

Introduction

The accurate detection of foot-strike and toe-off events based
on kinematics has historically proved a challenging problem
within locomotion biomechanics. Although several marker
trajectory-based and  segment/joint  kinematics-based
algorithms exist, these methods typically require markers to
be affixed to highly deformable areas of the shoe which can
be problematic. The accuracy of these methods can also be
affected by running speed and a runner’s preferred foot-strike
pattern (foot landing angle). Further, algorithm development
and validation has typically been conducted in a single
laboratory, potentially limiting their generalisability [1].

The purpose of this study was to develop and evaluate
FootNet, a new kinematics and deep learning-based algorithm
to detect foot-strike and toe-off in treadmill running.

Methods

Five treadmill-running datasets from three independent
laboratories with different motion capture systems and
instrumented treadmills were gathered from previous studies.
These datasets included kinematics and kinetics of athletes of
different abilities and foot-strike patterns running at multiple
speeds and on different inclines. Marker trajectories were
processed to calculate leg, foot and ankle kinematics. Running
trials were divided in cycles and the non-contact and contact
phases within each cycle were detected using the raw vertical
ground reaction force (non-contact: vGRF < 50 N; contact:
vGRF = 50 N).

FootNet is based on a recurrent neural network with long,
short-term memory (LSTM) units [2]. The network takes the
distal tibia anteroposterior velocity, ankle dorsi/plantar
flexion angle, and the anteroposterior and vertical velocity of
the foot centre of mass as input features (entire time-series of
a cycle) and predicts whether each time point belongs to the
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contact or non-contact phases. Foot-strike and toe-off can then
be simply identified by finding the first and last timepoints
identified as contact. We used the five datasets for model
development (70% participants from each set) and testing
(30% participants of each set). The model underwent 5-fold
cross-validation and the best set of weights was selected for
final model testing.

Non-parametric Bland-Altman analyses (median bias and
2.5" and 97.5" percentile as 95% limits of agreement, 95LA)
[3] and root mean squared error (RMSE) were used to assess
the performance of FootNet against the onset and offset of the
vertical ground reaction force method for the detection of
foot-strike, toe-off and contact times. The linear association
between detection errors and running speed, foot-strike angle
and incline respectively were also investigated.

Results and Discussion

FootNet achieved close agreement with the force plate method
(Figure 1), with a median bias of 0 ms for foot-strike (95LA
= [-10, 7] ms, RMSE = 5 ms), toe-off (95LA =[-10, 10] ms,
RMSE = 6 ms) and contact time (95LA =[-15, 15] ms, RMSE
= 8 ms). These errors were two to four times smaller than
those previously reported in the literature [1]. Linear
associations between detection errors and running speed, foot
strike angle and incline were small and practically negligible.
Thus, FootNet seems robust to different running speeds, foot
strike patterns and treadmill gradients, one of the main
limitations highlighted in previous research.
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Figure 1: Bland-Altman plots.
Conclusions

FootNet improves the detection of foot-strike and toe-off
events in treadmill running, and is robust to different speeds,
foot-strike patterns and inclines. FootNet and its source code
is publicly available for the biomechanics community.
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Summary

The fibril-reinforced poroelastic (FRPE) material properties
of human femoral condyle cartilage and how these properties
compare to other cartilage sites in knee are largely unknown.
We combined multi-step stress-relaxation measurements
with FRPE modeling to characterize these properties in the
femoral condyle cartilage at different stages of osteoarthritis
(OA) and compared them with other cartilage sites in knee.
Our findings suggest that the strain-dependent fibril network
modulus of femoral cartilage was smaller compared to that
of tibial cartilage in normal and moderate OA, indicating less
progressive fibril recruitment as a function of strain.

Introduction

Osteoarthritis affects the main constituents of articular
cartilage (i.e., collagen network, PGs and interstitial fluid)
[1,2]; thus, weakening the tissue function. FRPE modeling of
cartilage tissue can quantify constituent-specific material
properties and reveal their contributions to tissue mechanical
response [1]. However, these properties are not known for
human femoral cartilage. Thus, we aimed to quantify these
properties and characterize how they compare to other
cartilage sites in the knee joint at different stages of OA.

Methods

Osteochondral samples (n = 35) were extracted from medial
and lateral femoral condyles of 14 total knee replacement
patients and 10 donors without known clinical knee OA. A
3-step stress-relaxation protocol in indentation consisting of
5% strain and 15 minutes of relaxation at each step was
applied. Sample-specific axisymmetric finite element models
were created in Abaqus and cartilage tissue was modeled
using the FRPE material model. The material parameters
were obtained by minimizing the difference between the
simulation results and experiments in the 2nd and 3rd stress
relaxation steps (Matlab). Samples were histopathologically
graded by OARSI score and grouped to normal (grade = 0-1,
n = 17), moderate OA (grade = 2-3, n = 15) and severe OA
(grade = 4, n = 3). An age-adjusted linear mixed model was
used to compare the femoral cartilage material parameters 1)
between normal and moderate OA at medial and lateral
condyle, 2) with those of tibial [ 1] and patellar cartilages [2].

Results and Discussion

We did not observe essential differences between normal and
moderate OA femoral condyle cartilage samples. However,
in normal and moderate OA femoral cartilage, the strain-
dependent fibril network modulus was smaller by 11.64 and

15.72 MPa compared to tibial cartilage (Figure 1), indicating
that the superficial femoral cartilage has a more homogenous
structure (homogenous structure leads to less progressive
recruitment of fibers, represented in the model as a smaller
strain-dependent fibril network modulus). In moderate OA,
the initial fibril network and non-fibrillar matrix moduli of
the femoral cartilage were greater than those of the tibial
(0.77 and 0.18 MPa) and patellar cartilages (0.69 and 0.21
MPa); suggesting that the OA-related changes in PG and
collagen matrices of femoral cartilage may occur later
compared with other sites. In the severe OA, statistical tests
could not be performed due to the small sample size (n = 3).
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Figure 1: The fibril-reinforced poroelastic properties of human
femoral cartilage compared to those of tibial and patellar cartilages.

Conclusions

The initial fibril network and non-fibrillar matrix moduli of
femoral cartilage were greater compared to those of tibial
and patellar cartilages, in the moderate OA, while the strain-
dependent fibril network modulus of femoral cartilage was
smaller compared to that of tibial cartilage in normal and
moderate OA, suggesting less progressive fibril recruitment.
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Summary

We developed a computational model of a muscle actuator
composed of in-parallel Hill-type models of motor units
(MUs) using as inputs the motor unit discharge times obtained
from decomposed high-density surface EMG (HDEMG)
signals. We then used the model to simulate isometric muscle
contractions. This work extends the traditional Hill-type
muscle models and enables further modelling possibilities
such as HDEMG-based simulations and controllers.

Introduction

In computational muscle modelling, whole muscle dynamics
are mostly described as a single functional MU modelled with
a Hill-type model. This assumption requires lumping the MU
neural contributions to a single control [1], that is dissociated
from the physiological control of muscle forces, which limits
the range of uses of these models. Recent advances in the
acquisition and decomposition of HDEMG signals [2] open
new possibilities for the definition and use of Hill-type models
at the MU scale. In this work, we propose a multi-MU Hill-
type muscle model driven by experimental motoneuron
discharge times obtained from HDEMG recordings [2].

Methods

The time-histories of the discharge timessp;(t) of 32
identified MUs were obtained from blind source separation of
HDEMG signals acquired during an isometric trapezoidal
contraction up to 35% of the maximum force of the tibialis
anterior (TA) muscle of a healthy subject (male, 27 years old,
189 cm, 77 kg) [2]. The whole muscle (Figure 1A) is modelled
as 32 in-parallel Hill-type MU actuators. The excitation and
activation dynamics of each MU are modelled using an
updated Hatze’s model [3] with parameters recalibrated using
mammalian data. In this model, each neural discharge time
sp;(t) fires a model of neural action potential which drives
two cascading second-order differential equations of the
dynamics of the muscle action potential (MAP) (excitation
dynamics) and of the length-dependent calcium concentration
transients in the sarcolemma (activation dynamics). The
active state obtained from an adapted calcium-dependent 8-
state model of cross-bridge attachment dynamics [4] scales a
normalized isometric force-length relationship yielding the i
MU normalized force. The following simplifying assumptions
were made. The 32 identified MUs are representative of the
population of recruited MUs at 35% maximum force and an
exponential frequency distribution of the MU-specific
maximum forces was considered. Accounting for the variation
of optimal fibre lengths (I}) with recruitment threshold, all
MU dynamics are sub-I}! and passive parallel forces can be
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neglected. The contribution of the short tendon of the TA is
for now neglected. Finally, the 32 output MU forces are
linearly summed to yield a whole muscle force profile F™ (t).

Results and Discussion

The time profiles of the MAPs u;(t) and active state a;(t) of
each i MU (Figure 1A) could be simulated from the HDEMG
discharge times sp;(t), yielding a simulated whole muscle
force FM(t) (red trace, Figure 1B) resembling experimental
results (green trace, Figure 1B). Delays in force onset will be
corrected by identifying or simulating the dynamics of
supplementary representative MUs.
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Figure 1: (A) Cascading dynamics of the 32-MU muscle model.

B) Discharge times of the 32 identified MUs. Experimental
transducer force (green). Simulated whole muscle force (red).

Conclusions

This new muscle modelling approach enables the use of
decomposed HDEMG signals with Hill-type muscle
simulations. Defining a multi-MU muscle actuator with MU-
specific properties clearly separates excitation and activation
dynamics. Ongoing work will consolidate the current model
by mapping the sample of identified MUs to an estimate of the
entire population of active MUs, reducing the number of
simplifications and using ad hoc experimental data for neural
inputs and model calibration and validation.
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Summary

A genuine semi-automatic post-processing method has been
designed for a fast and reliable quantification of abdominal
wall muscles deformations during breathing and muscular
contraction from real-time dynamic MR images.

Introduction

Kinetic imaging of the abdominal wall is largely underused
in clinical practice. However, the quantification of
abdominal muscles motion could bring valuable information
in medical diagnosis of any situation involving abdominal
muscle deficiency such as hernia, muscle dystrophy or
obesity. It could also facilitate in-vivo patient-specific
biomechanical characterization of muscle tissue.

A semi-automatic post-processing method dedicated to real-
time dynamic MRI aiming at a fast and reliable
quantification of abdominal wall muscles deformations
during controlled exercises is reported.

Methods

Twenty healthy subjects (30.6 + 8.7 y.o., 8 females) were
scanned during a controlled breathing session, coughing and
Valsalva maneuvering at the L3-L4 disc level using real-time
dynamic MRI at 3T with a time resolution of 182ms.

In the corresponding image series, four regions of interest
(ROIs) were segmented wusing a supervised 2D+t
segmentation procedure [1]: right and left lateral muscles
(RLM — LLM) and rectus abdominis muscles (RRA — LRA).

The evolution over time of the displacement magnitude of
the muscles with respect to relaxed condition was computed
from registration of the segmented masks [2].

Results and Discussion

As illustrated in Figure 1 for a typical subject, this evolution
differs according to the type of exercise. During breathing
and Valsalva maneuvering, maximum displacements
(respectively 50mm and 25mm) are observed in the rectus
abdominis muscles. The variation of RLM and LLM 