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Introduction: Total Hip Replacements

= Solution for arthritis and severe fractures

= Failure rate between 3% and 10% at 10 years'

. . ] Increased Number of
—> 100.000 failure cases for knee and hip per year in the US alone® occurrences suroeries
- Economic burden over 1 billion $ / year T
— Revision surgery not as successful as primary procedure Demand on Aging
quality of life population

= Younger patients needing a THR:
— Longer life-span of the implant
- More demanding physical activities

—Today

) Need to improve longevity and robustness Funre

0 10 20 30 40 a0 60 70 80 40 100

1. Swedish Hip Arthroplasty Register, Annual Report 2010; http://www.shpr.se/Libraries/Documents/AnnualReport-2010-2-eng.sflb.ashx
2. Kurtz S.M. et al., Future Young Patient Demand for Joint Replacement: National Projections from 2010 to 2030. Clin Orthop Rel Res, 467: 2606—2612.
3. J.Mayer, S. Hofmann, D. Webster: Biocompatibility of biomedical implants, lecture notes, 2013, ETH Zurich
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Implant Performance
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Failures beyond 3-5 years are mainly due to wear and related complications
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Exhaustive Proof Testing

Dauerschwingversuch
ISO 7206-4, 6 und 8
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[50 7206-9
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IS0 Y206-10
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ASTM F1875

Bewegungsumfang
IS0 21535

AnyBody Webcast
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Modularverbindung
ASTM F 2580

Impingement Test
ASTM F 2582
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PI-11
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Design Process Evolution

1978 | > 2018

How has the design process changed? What can we learn?
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The Value of Simulation

n-)

= Computer simulations to define
better experiments

= Few experiments to validate
computer models

= Computer simulations to explore
1000s of situations — reduce time
and cost

// i e
/ I{:.,I.I BN

LIFE http.//www.esi-group.com
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Is Prothesis Wear an "Implant" Problem?

COPYRIGHT © 2013 BY THE JOURNAL OF BONE AND JOINT SURGERY, INCORPORATED

Which Factors Determine the Wear Rate of
Large-Diameter Metal-on-Metal Hip Replacements?

Multivariate Analysis of Two Hundred and Seventy-six Components

A.]. Hart, MA, MD, FRCSG(Orth), S. Muirhead-Allwood, FRCS(Orth), M. Porter, FRCS(Orth), A. Matthies, BSc, MBBS,
K. Ilo, BSc, MBBS, P. Maggiore, BSc, MBBS, R. Underwood, PhD, P. Cann, PhD, J. Cobb, FRCS(Orth), and J.A. Skinner, FRCS(Orth)

Investigation performed at the London Implant Retrieval Centre, a Collaboration Between Imperial College London, London,
and the Royal National Orthopaedic Hospital NHS Trust, Middlesex, United Kingdom

= “...edge-loading was the most important predictor of wear rate”

LONG AnyBody Webcast Enrico De Pieri, Stephen Ferguson 14.06.2018 7



Prosthesis Positioning?

A = Acetabular abduction
|

AnyBody Webcast

Enrico De Pieri, Stephen Ferguson

14.06.2018 8



Prosthesis Wear

= Prosthesis wear Is a patient-specific, biomechanical problem

70

65} o

60 LY

55+ B I
501
45}

40

Cup Inclination (degrees)

35 1
WellPosLow

30t . 9

MalPosLow .

MalPosHigh @

20

-10 0 10 20 30 40 50
Cup Anteversion (degrees)

= “wear of metal-on-metal hip resurfacing arthroplasty is ... influenced by individual
patient aCtiVity patte rnS” Mellon et al, Proc IMechE Part H: J Engineering in Medicine 2013
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Prosthesis Wear

= Wear is a function of use, not time#
Knowledge of internal loading needed for: BTN L =
Implant design: wear and fixation R ‘\‘%‘,’%

Understanding joint biomechanics
Surgical planning
Rehabilitation intervention

-
NI/
v--.“é i

= |n vivo measurements®::
= Raise ethical considerations
= Are difficult to perform
4. Schmalzried, TP., et al. Clin Orthop Res 381 (2000): 36-46.

" Represent a Sma” pOpLIIatlon Sample 5. Bergmann, G., et al. Journal of Biomechanics 34.7 (2001): 859-871.
6. Bergmann, G., et al. PLoS One 11(5) (2016): e0155612.
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Exhaustive Proof Testing

Geometriekennwerte

Dauerschwingversuch ST
ISO 7206-1/2

IS0 7206-4, 5 und 8 f S
Kugel Torsionstest m VEVSCIfg;iElTEFELEJCT ﬂ

Simulation results allow the definition of more
realistic and demanding physical wear tests

Kugel Abzugversuch Korrasionsversuch = T Impingement Test

ASTM F 2009 ASTM F1875 | ASTM F 2582
Luxationsversuch 4 Bewegungsumfang
PI-1/2 ( ISO 21535

LIFE http://www.endoloab.org
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Joint Scale Wear Simulation

Elastohydrodynamic (EHL) model

g
developed of hip prosthesis _
= Ball in socket geometry allows
non-sphericity
= Elastic deformation of both cup |
and head materials "y
Pressure
Structure
Displacement



Whole Joint Wear Simulation
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AnyBody Model — Development and Validation

Population Simulations

Enrico De Pieri, Stephen Ferguson 14.06.2018 14



Model Development

Need for a reliable generic model to predict
hip contact forces

TLEM 2.0:

= Detalled dataset of musculoskeletal geometry
= Model implementation not thoroughly tested

= Particularly for applications focusing on hip

LONG AnyBody Webcast

Contents lists available at ScienceDirect

Journal of Biomechanics

journal homepage: www.elsevier.com/locate/jbiomech
www.JBiomech.com

TLEM 2.0 - A comprehensive musculoskeletal geometry dataset for @CNMM
subject-specific modeling of lower extremity

V. Carbone **', R. Fluit*', P. Pellikaan®, M.M. van der Krogt ", D. Janssen ,
M. Damsgaard ¢, L. Vigneron ¢, T. Feilkas ', H.FJ.M. Koopman *, N. Verdonschot **

* Laboratory of Biomechanical Engi Faculty of MIRA Institute, University of Twente, Enschede,

ilitation Medicine, Research Institute MOVE, VU University Medical Center, Amsterdam, The Netherlands
atory, Radboud University Medical Centre, Nijmegen, The Netherlands
yBody logy A/S, Aalborg. Denmark
© Materialise N.V, Leuven, Belgium
! Brainlab AG, Munich, Germany

Enrico De Pieri, Stephen Ferguson 14.06.2018 15



Model Development

= Accuracy in muscle geometry can affect JCF predictions 78

= Models sensitive to muscle attachment points

= Particularly muscles spanning the hip joint

©
3]
>
o)
c
o
| 2
chy I
" @)
TlemZe g § 7 o
1cm X
7. Carbone, V., et al. "Sensitivity of subject-specific models to errors in musculo-skeletal geometry." Journal of Biomechanics 45.14 (2012): 2476-80.
8. Bosmans, L., et al. "Sensitivity of predicted muscle forces during gait to anatomical variability in musculotendon geometry." Journal of Biomechanics 48.10 (2015): 2116-23.
Enrico De Pieri, Stephen Ferguson 14.06.2018 16
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Aims

Document further development of a lower limb model

Propose a working logic for identifying features in

need of refinement

Initial quantitative validation against measured hip

contact forces

LONG AnyBody Webcast

Enrico De Pieri, Stephen Ferguson
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= Validation needed for clinical applications
= Direct comparison with measured Joint Forces

Model Validation

= |ndirect comparison with EMGs

Release of synchronized MoCap and
instrumented HCF data® sample

9. OrthoLoad (2016): ‘H2R_150811_2_100_labelled.c3d’, retrieved from http://orthoload .com,
‘Date of access (28/09/2016)

leww.orthoLDad.(Dm * Loading of the Hip Joint III * Julius Wolff Institut * Charité Berlin

www.OrthoLoad.com * Julius Wolff Institut * Charité Berlin * Forces and Moments

Hip Joint* Forces and Moments Relative to Femur
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Model Setup

= Lower limb model based on TLEM 2.0 dataset
= 3-DOFs hip joint
= Simple muscle model

= Marker protocol and laboratory set-up
(force plates) from Orthoload dataset

= Model linearly scaled (“Length-Mass-Fat”
scaling law) and markers position optimized

= |nverse dynamics analysis

LONG AnyBody Webcast

Enrico De Pieri, Stephen Ferguson

14.06.2018
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Muscle Contributions

= Evaluate muscle contribution to HCF and hip joints moment

= |dentify critical muscle geometries:
= High HCF contributions but relatively low joint moment contributions
= Joint moment contributions higher than net moment

ldentified muscles compared to original MRI scans from TLEM 2.0

= Muscle geometry was modified if necessary

LONG AnyBody Webcast Enrico De Pieri, Stephen Ferguson 14.06.2018 20



Muscle Contributions Example — Hamstrings

0.06 Hamstrings Contribution to Hip Flexion Moment

0.04

Momenit/BW [m]
o
o
o

-0.02
-0.04
-0.06
0 20 40 60
Gait Cycle [%]
—— Hip Flexion Moment
=== Semitendinosus Semimembranosus contribution before wrapping
LIFE
LONG
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=== Biéeps Femoris Longus contribution before wrapping

Enrico De Pieri, Stephen Ferguson

14.06.2018

Hamstrings Contribution to Total Hip Contact Force
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Muscle Contributions Example — Hamstrings

Hamstrings Contribution to Hip Flexion Moment Hamstrings Contribution to Total Hip Contact Force

0.06 3.5
0.04 3.0
2.5
E 0.02 _
= 20
2 2
= 0.00 5
o 215
5 g
= -0.02
1.0
-0.04 05
-0.06 0.0
0 20 40 60 80 100 0 20 40 60 80 100
Gait Cycle [%] Gait Cycle [%]
—— Hip Flexion Moment - = = Contact force before wrapping —— Biceps Femoris Longus contribution after wrapping
- Contact force after wrapping = == Semitendinosus Semimembranosus contribution before wrapping
= == Biceps Femoris Longus contribution before wrapping — Semitendinosus Semimembranosus contribution after wrapping
LIFE
LONG AnyBody Webcast Enrico De Pieri, Stephen Ferguson 14.06.2018 22



Model Development

= Accurate wrapping of Semimembranosus, Semitendinosus, Rectus Femoris, Gastrocnemius, lliacus,
and Psoas

AnyBody Webcast Enrico De Pieri, Stephen Ferguson 14.06.2018 23



Model Development

= Accurate wrapping of Gluteus Maximus, Gluteus Medius and Minimus, and Tensor Fasciae Latae

AnyBody Webcast Enrico De Pieri, Stephen Ferguson 14.06.2018 24



Before Refinement After Refinement

Model Development

0° Hip Flexion

Before Refinement

10° Hip Flexion

40° Hip Flexion

90° Hip Flexion

LIFE
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Model Validation

Force/BW [ ]

-10 Stance Phase Swing Phase
0 20 40 60 80 100
2 Gait Cycle [%] 2
& 5 7]
E g 3
T = T

Measured Hip Medio Lateral Force = Predicted Hip Medio Lateral Force
Measured Hip Antero Posterior Farce = Predicted Hip Antero Posterior Force
Measured Hip Proximo Distal Force = Predicted Hip Proximo Distal Force
Total Measured Hip Force - Predicted Total Hip Force

Good agreement with measured HCF
RMSE = 0.298*BW (228 N)

AnyBody Webcast

Enrico De Pieri, Stephen Ferguson 14.06.2018
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Predicted Muscle Activity vs EMG Timing

Tibialis Anterior Gastrocnemius Lateralis
0.12 0.25 :
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10. Agostini, V., et al. "Gait parameters and muscle activation patterns at 3, 6 and 12 months after total hip arthroplasty." Journal of Arthroplasty 28.7 (2014): 762-9.
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Discussion 3

—— Measured Total HCF
= = Predicted Total HCF

2 — Predicted Total HCF w/ wrapping
1 Measured ML HCF
1
= Muscle Refinement — Vossurod AP HCE
= RMSE reduced by 17% % 0 : Measured PD HCF
. ) Stance Phase Swing Phase _
(max. error reduction 56%) 03 =3 77 Predeted ML HE
L = = Predicted AP HCF

= = Predicted PD HCF

— Predicted ML HCF w/ wrapping

* = Predicted AP HCF w/ wrapping

—— Predicted PD HCF w/ wrapping

0 20 40 60 80 100
Gait Cycle [%]

= Good agreement with measured HCF = Good agreement with average EMG

= Some over-prediction persists timing from literature
LIFE
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Limitations

Model Development

= TLEM 2.0 based on single cadaver

= Simple muscle model and knee kinematics
= No subject specific bone geometry

Quantitative Validation
= Performed against a single trial from a single subject
= No variability in anatomy nor kinematic inputs

Additional release of sample data would be beneficial

L
LONG AnyBody Webcast Enrico De Pieri, Stephen Ferguson 14.06.2018 29
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Conclusion

= Satisfactory level of geometrical accuracy achieved
= Improved HCF predictions

= |nitial step in the validation process

Model has to be continuously validated for new applications
= Important for activities other than gait

= Muscle moment arms can provide indication for potential limitations

LONG AnyBody Webcast Enrico De Pieri, Stephen Ferguson 14.06.2018 30



Muscle moment
arms ranges
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Muscle moment
arms ranges
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Hip Flexion Moment Arms

~— Gluteus Medius Anterior (6)
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Development of a generic musculoskeletal model ./ Submitted to PLOS One

Virtual Patient Population

Walking N ormal
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Population Simulations across different Activities of Daily Living
= |mportant to address variability in overall population

: The Leeds Teaching Hospitals NHS
= LLJ Patients Dataset NHS Trust

= MoCap measurements carried out at Leeds Teaching Hospitals

= Large patient cohort (137 patients)

Previous webcast:

LIFE
LONG
JEINTS

Large Dataset for assessment
of joint replacements
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AnyBody - Batch Processing

O GitHub

Leeds LifeLong)oints Model

LONG AnyBody Webcast Enrico De Pieri, Stephen Ferguson 14.06.2018 35



HCF variability during gait = 132 patents

» 494 gait trials at self-selected speed

Gait Cycle [%]




Qualitative comparison against Orthoload dataset

Proximo-distal component

0 Antero-posterior component 500
Total HCF '
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400 \ o 7\\_
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= Predictions’ mean within Orthoload dataset range
= Larger variability S R I

—— Orthoload dataset - ML component === LL] Dataset - ML component
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Effect of Patients’ Characteristics on HCF

HCF: Total force HCF: Total force

T I T I
3000 | TN == Healthy Weight || = Age 54:64
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LIFE
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HCF: Total force
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Routine Activities of Daily Living
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Adverse Activities of Daily Living

41
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Activities of Daily Living — Sit Down
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0 20 40 60 80 100
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Qualitative comparison against Orthoload dataset — Sit Down

300 Total HCF _ 30 Antero-posterior component 200 Proximo-distal component
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Conclusion

—

> 130 patients
LIFE

LONG
JEINTS
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> 130 patients
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R [ ] [ ]
https://github.com/AnyBody/Leeds-LifelLongJoints-Model
Pull requests Issues Marketplace Explore Data from Leeds LLJ dataset
H o . »

AnyBody / Leeds-LifeLongJoints-Model ©uUnwatch~ | 2 KStar | 0 | Fork 0 gOES IntO C3D = -Fl 165/

<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings
Model for processing the Leeds LL) MoCap dataset Edit | (> ] 9 5 | Leeds-LifeLongloints-Model-v1.1 — O w
Add topics

Home Share View 0
18 t: 2b h 2 rel 1 contribut: . . . .
D18 commits ¥ 2 branches 2 refeaes A1 contributer “ v <« Dow.. » Leeds-Lifelongloints... v @ Search Leeds-LifeLongloints-.. @
Branch: master~ | MNew pull request Create new file  Upload files | Find file ‘ Leeds-LifeLonglaints-Model-v1.1 ~ C3D-files
) ) C3D-files Model
‘ melund update DOI to use the one for the newest verison Latest commit 54216 an hour ago
Model Output
il C3D-files Add git ignore file 2 months ago .
I Model This should hopefully i f b  the sol 4d Output Subjects
odel is should hopefully improve the robustness of the solvers 14 days ago B P
_ . Subjects D batch-processing.ipynb

i Output/tmp Update parameter optimization files an hour ago @ Iibdef.any

[ Subjects Update trials with changes from Cribsheet 8 days ago LLJ‘DOE Igl LICEMSE. bt

[E] LICENSE.txt Initial commit 2 months ago LL) 003 @ README.md

E] README.md update DOI to use the one for the newest verison an hour ago LL'I—DOS

[E] batch-processing.ipynb Add simple batch processing notebook 2 months ago LLJ_0DE

E) libdef.any Update folder name for new processing files 2 months ago I nna v o

Sitems 1 item selected iz =

README.md

DOI 10.5281/zenodo.1254286

Leeds LifeLongJoints Model

This is the model used in an FP7 European Commission project called Lifelongjoints (https://lifelongjoints.eu/). The model was
used to investigate hip loads using a large dataset collect at Leeds Teaching Hospital NHS Trust.

Notice: Data must be downloaded separately...

https://doi.org/10.5518/345
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[ ] e
| 9 < | Subjects — O X | 9 = | Lo - o X
Home Share View .’ Home Share View - @ m Activity
&« v A <« Leeds-LifeLongloints-Model-v1.1 + Subjects » & Search Subjects 0 < v 1 « Subjects » LLJ 029 » v 0 Search LLJ 029 b . .
9 ) Y / static Standing reference
w Leeds-LifeLongloints-Model-v1.1 * LLJ 002 LLJ 015 LLJ 026 LLJ_029 ~ fast_(d_ squat_02_
C3D-files LLJ_003 LLI_0T6 LLJ027 fast 04_ fast 09_ squat_03_ fast Fast gait
fast 09 fob_01_ static_01_ .
Model LLJ_005 L7 LL)_028 - 09_ : walk Normal gait
5 [ Output LLJ_006 LLI_o18 LL) 029 fob_01_ fob 02, static 02
v [] Subjecss LL)_008 LLL_019 LLJ030 fob 02 fob_02_ sts 02 lunge Lunge
LL)_009 LL)_020 LLJ_031 fob 03 jog 03 sts 03
’ LL) ooz LL 010 LL) 021 LLJ 032 _ _03_ jog_04_ walk_04_ sts Sit to stand/stand to sit
jog_03_ :
> [y L1003 LLJ_011 LL)_022 LL) 033 : Jog 03 walk 03
> [ ] LLI0oS L) 012 LL) 023 LL) 034 jog 04 lunge_01_ walk_06_ squat Squat
jeg 05 lunge_02_ walk_07_
> LL)_006 LLI_013 LL)_024 LL)_035 _ - fob Bosi 6 [bemah
N LLJ 008 LLJ 014 LLJ 025 LLJ 036 lunge_01_ lunge_03_ IQSUbJectSpemfchata.any
» 1 LLL00 lunge 02_ Aol jog Jogging
e oan v £ > Y LU 4 >
144 items Bz = 23iterns 2 iterns selected f: =
| N < | static 01_ — O *
Home Share View v o
“- v P « LL1 029 » static_01_ w T Search static_01_ 2
) ey
static_01_ 2 Mame Date modified
static_02_ [ main.any 12-06-2018 20:
sts_02_ [&) TrialSpecificData.any 12-06-2018 20:
sts 03
walk_0d_
wallk_05_
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[ ] [ ]
]
for all ial m
Must run for all 237 trials.... Not a manual task.
AnyBody - License - C\Users\mel\Documents'Projects\LLM\Leeds-LifeLongloints-Model\Subjects\LL)_029\static_01_\main.any - ] s AnyBody - License - Ci\Users\mel\Documents\Projects\LLI\Leeds-LifeLongloints-Model\Subjects\LL)_02%\static_01_\main.any - m] X
File Edit View Operation Tools Window Help File Edit View Operation Tools Window Help
P AC W XA A5 T - b lead | Execute m b Pl MainRunAnalysis P @S M XD AR5 - [ lead [ Executer m b Pl MainRunParameterldentification
i B G Replay: f[ufl [l bl B P 0 F M § Replay: [uf [ PR £ ¢ ©
Model ¥ 2 X | mainany } 4 b X | Model View 1 yax T Model ¥ 2 X | mainany } 4 b X | Model View 1 vyox T
E E
Model | Operations  Files Binclude "../../../libdef.any” Model View 1 Chart1 Data View E Model | Operations  Files Binclude "../../../libdef.any” Model View 1 Chart1 Data View E
S g
a . e @ By o rea 2
€282 #path MOCAP_TRIAL_SPECIFIC_DATA "TrialSpecificData.any” Q Q]D Q[ €32% ? #path MOCAP_TRIAL_SPECIFIC_DATA "TrialSpecificData.any” Qo Q%
#path MOCAP_SUBJECT_SPECIFIC_DATA "../SubjectSpecificData.any” v Main #path MOCAP_SUBJECT_SPECIFIC_DATA "../SubjectSpecificData.any” -
ModelSetup #path MOCAP_LAB_SPECIFIC_DATA "../../../Model/LabSpecificData_LTHT.any" - ModelSetup #path MOCAP_LAB_SPECTFIC_DATA "../../../Model/LabSpecificData_LTHT.any" -
Q 5
Hurnanhodel sinclude ™<ANYMOCAP MODEL>™ = Humanhode! #include *<ANYMOCAP_MODEL>" 2
EnvirenmentModel - @ EnvirenmentModel - -
Studies Studies
Patientlnfo Patientinfo
DrawSettings o DrawSettings g
@
-#% RunParameterldentification = nParamet =
B i a RunAnalysis a
-#% LoadAndReplay #» LoadAndReplay
Main Ln1 Cel1 Main Ln1 Col 1
ormation Output R Information - 0 X Output ——
) RunParameteridentificigf "
v v v
< > < > < >
Ready

Drawb5ettings

Tl FunParameterldentificatio

-k Runfnalysis

=l
L)

Segment length and marker
positions are optimized

Model is not scaled
Markers not located correctly

|
=
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The console application and macros

* The AnyBody Modeling System without
the graphical user interface (GUI)

AnyScript Macros commands
load <”file name”> [arg]

operation <opr_name>
run
classoperation <obj> <cmd> [arg]

exit

I [+ > R B Application Tools  AnyBody.7.1 - a *
“ Home Share View Manage e
« v 4 « Any.. » AnyBody 7.1 3 v O Search AnyBody.7.1 P

AMME Assist

AnyBody.hdf3-1.8.9-x64 Documentation

AnyBody.MKL-11.0-x64 Hasp

AnyBody.OpenSceneGraph-3.4.0-x64 EAnyBody Software License Agreement.pdf

AnyBody.Python An}and)r.exe

AnyBody.SuiteSparse-4.0.2-x64 [n=] AnyBodyCon.exe

AnyBody UMFPACK-5.1.0-x64
< >

13items 1 item selected 11.6 MB =z [=

EN anybodycon.exe | snail@sea: i\ | xonsh - O *

AnyBody Console Application

AnyBodyCon.exe version : 7. 1. 1. 6029 (64-bit version)
Build : 17615.69360

opyright (c) 1999 - 2018 AnyBody Technology A/S

urrent path: c:\
>load "main.any"
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The console application and macros

* The AnyBody Modeling System without

the graphical user interface (GUI) | LoadmodeIJ L\ n | Lopf;;if;ns

AnyBody - License - ChUsershmelDocu WProjects\LL N Leeds-Lifel ints-Model\Subjects\LLJ_D2: A O *
File  Edit VWiew  Operation Tools  Win Help

RS W X o A5 T - | [ Load G Execute: ¥l Main.RunParameterldentification
AnyScript Macros commands SEF B ey FEAEIEL 0
s . Model v & X | mainany | 4 b x| Model View 1 vax T
3
load < -Flle name™> [arg] Model = Operations | Files #include "../../../libdef.any" Model View 1 Chart 1 Data View g’-
=3
* e @
. €307 #path MOCAP_TRIAL SPECIFIC_DATA “TrialSpe % (-3-) 1Q {-SD ..Q.. B
operatlon <opr name > #path MOCAP SUBJECT SPECIFIC_DATA “../Sub i
- o Locate in AnyScript F12 | LAB SPECIFIC DATA "../../../M o
- Insert Object Name Cerl+SKift+| |y vocap MODELS" By - & s
run - Copy , v =
| e sor. o
o -
classoperation <obj> <cmd> [arg] - Model View > || o
- : } B =
- Plot Value 3 . =
eX1t e Object Description
Inform Dump
Dump All .
Send to Lng
Save Values - 0 X
Load Values -~
Reset Values v
Mod >
L Update Values
Class Ready

operations




Batch processing with Python

* Running macro is easily automated with the AnyPyTools library.

In [1]: from anypytools import AnyPyProcess
from anypytools.macro_commands import Load, OperationRun, Dump

In [2]: appl = AnyPyProcess(num_processes=2)
macro = [

Load('main.any'),
OperationRun(‘Main.RunParameterIdentification’)

In [ ]: results = appl.start_macro(macro, search subdirs='(static).*main.any")

14 of 237 [

«

AALBORG UNIVERSITY
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More on batch processing

Complete example with the Leeds-LifeLongloints-Model: How to install and use AnyPyTools:

O Pull requests Issues Marketplace Explore a 4+~ —_— [MortenlEnenic I o X
_/ A AnyPyTools' documentat X\
mAnyBOdy/ Leeds—LifeLongJoints—ModeI © Unwatch~ | 2 ks 0 — & C () | & Sikker | https;//anybody-research-group.github.io/anypytools-docs/index.html w @ =
AnyPyTools 0.13.0 documentation » next toc modules index
<> Code Issues 0 Pull requests 0 Projects 0 Wiki Insights Settings
Branch: master v | Leeds-LifeLongJoints-Model / batch-processing.ipynb Find file ~ Copy path &
y .
{8 melund Add simple botch processing nctebook 7550157 on 19 Apr S 3 AnyPyTools’ documentation!
()
1 contributor A N Y
3 = " . " . ’
131 Llines (130 sloc) | 2.94 KB o[B] Rw Bame Hsoy O 4 @ Any}?y?@@]g AnyPyTools is a toolkit for working with the AnyBody Modeling System
(AMS) from Python.
R Page contents

Leeds Hip Loads model R DT ot

This notebook shows how to run a very simple batch processing on the LeedsHipLoads model. Installation

Please ensure you have installed the AnyPyTools library. See the install instructions. Cudes

Documentation
In [ ]: from anypytools import AnyPyProcess, macro_commands as mc Development
Usefull links

Run standing reference trials
Next page
— Dependencies

Its main purpose is to launch AnyBody simulations and collect results. It

In [ ]: appl = AnyPyProcess(num_processes=2, return_task_info=True)
has a scheduler to launch multiple instances of AMS utilising computers

’“Ec”gchgad(,main'any.) ) with multiple cores. AnyPyTools makes it easy to do parameter and
mc.OperationRun(*Main.RunParameterIdentification') This page sensitivity and many other things which is not possible directly within
1 Show Source the AnyBody Modeling System.

In [ ]: results = appl.start_macro(macro, search_subdirs='(static).*main.any")

Quick search

>l Installation

Run all dynamics trials

In [ ]: app2 = AnyPyProcess(num_processes=2, return_task_info=True)

e Dependencies

TEERD = I e Install guide
mc.Load("main.any"), 8
mc.OperationRun('Main.RunAnalysis.LoadParameters”),

mc.OperationRun(*Main.RunAnalysis.MarkerTracking'),
mc.OperationRun('Main.RunAnalysis.InverseDynamics'), ("Hiﬂpq .
- ,

mc.Dump( "Main. Studies.InverseDynamicStudy.Output.BodyModel.Selectedoutput .Right.Leg.JointReactionForc
e.Hip_ProximoDistalForce')

! https.//anybody-research-group.github.io/anypytools-doc

https://github.com/AnyBody/Leeds-LifelLongJoints-Model
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ANYBODY Modeling System 7.1.2

[®] AnyBody - - gait - o x
P KR Vew Opwnten Tooh  Wdow Heb

DAt W ¥ ) M H e [yloss  Beate W s M1 MsinRunsnsiysisinerseDymamics

EAF W eur HEBE 7B "
| wosr -0 % | Fulos, chrmsasionamy 3 b x| sk vax
Model Opeations  Files Finclude -../1ibdef.any" ModetView1 Chart 1 DataView

« o and edit Trial Specific Data 1n this

1 Ente this file:
$path MOCAP_TRTAL_SPECIFIC_DATA "Setup/Trialspecificoats GReprediction.s

Siafg] Qs

ModelSetup

Enter and edit Subject-Spcific Data in this files

Humanbodel i’

path MOCAP_SUBIECT_SPECIFIC DATA “Setup/Subjectspecificata.any”
Emronmenthadel o - . - Bladbectape "
Studies 1/ Enter snd edit Lab-Specific Dats dn thiz File

9 DrawSettings path MOCAP_LAB_SPECIFIC_DATA "Setup/LsbSpecificlats.any”

¢ Include the AnyoCap Frameark
#include "GANYPOCAP_MODEL>"

48 LeadandReplay

| intaemation -ax

AngMainFolder

Madel Tree: < >

M Main w1 ot

Location: Output

AnyMoCaphodelany (Line: 12) o " St View” o
1002} . Kinematic anslysss completed.
1.0.03) . Dependent varisbles are fuly updated.
1.0) Iverse dynamic analysis. o
< >

Ready

Model Repository (AMMR 2.1.1)

Main =

{
/ Mocap related setup
#include "ModelSetup.any”

7 Includé environment model
77 e.g. global reference, farceplates ete
#include "EnvironmentModel.any”

gure and include the human model
BODY_MODEL_CONFIG_FILE>"

" ¢ANYBODY_PATH_BODY> /HumanModel .any"
“BodyModelWi thoutMuscles . any™

77 Con|

#include
#include
#include

Minor release:

Smaller changes and bug fixes.

Open Science platform hosted at CERN

B «—EI| The AnyBody Managed | + v

&~ - O {nr ) httpsy//zenodo.org/record/12877304#. Wylxs_ZuKUk pis

Upload Communities

Publication date:

June 12,2018 m e
The AnyBody Managed Model ez

Lund, Morten Enemark; Terholm, Sgren; Jung, Moonki

ready to be used with the AnyBody Modelling System Communities:

The AnyBody Managed Model Repository consists of two parts:
License (for files):
+ Body Models: The human body models which can be customized and scaled to build a @ ﬁ,he(, B -eT-)
specific musculoskeletal modeal; e :
» Application examples: in which the body models are utilized in specific applications (from

common daily activities, like pushing the acceleration or brake pedals of a car, to workplace-

specific scenarios).

The models are developed in research projects at academic institutions or by AnyBody Technology in Versions

collaboration with academic institutions. The models are maintained by AnvBody Technology who

Repository (AMMR) e —

The AnyBody Model Repository (AMMR), is an open library of musculoskeletal models and examples

AnyBody Technology
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Check release notes:

https://anyscript.org/ammr-doc/changelog.html

lE AnyBody - License - Ch\Users\mel\Documents\Projects\LLI\Leeds-LifeLongloints-Model\Subjects\LLJ_02%sta.. — O . _//—\E Changelog — ARz x \L Mo, — O X
File Edit View Operation Tools Window | Help Sl e— e at w3
. B8 AnyBody Assistont noa & AnyBody Release Notes - [m| X R
: [l L o] w= o 4 nyBody Assistant... iFicati -
: | H Hu é@ ol gl | AS 5 [m] . E& RunParameterldentification & @v . F
I EEF B E i Replay: [IRIPERE: 0 Tutorials Hide  Back Pt Options
R i - Contents | Index I Searchl
Model ¥ B X | mainany AnyScript Reference Model View 1 3 x 0 | L < . . . ~
- | : l,. AMMR Documentation _ - ] Tmesreoe ]| | New in This Version
Model Operations  Files #include "../. Model View 1 Chart 1 Data View g @ Legal Notice. Trademarks a
e =9 2 #path MOCAP_TR Online documentation ... iq CSD rQ'l E E =g} E?;:zoie\l;ase Motes AnyBody Modeling System, version 7.1 2, June, 2018.
Ve spath MOC.AF‘:SIJ - ff 15 I Esﬁem requirements AnvBod 71.2
#path MOCAP_LA nybody, v./.1.
[ Model Setup pa - (%] MO @ Acknowledgements y y, l
o
B Hurtnanl'v'lodel #include "<ANYH Checkifonlpdatee 8 The release contains minor bug-fixes for the previous release of
- El"l‘-"“'.oﬂmE"tM odel Registration... “ ) AnyBody™, and new version of the AnyBody Managed Model
[ Stuf:iles I License Agreement... Quid R:cposﬂory (AMMR). The new AMMR (v.2.1.1) is also a minor release e
-0 Patientinfo with smaller changes and bug-fixes. Please refer to the dedicated release b
[ Draw5Settings Release Motes o Tab] notes in the AMME. documentation (also available at Y
o N . N )
--#% RunParameterldentification @ About AnyBody.. & Iz hitps.//anyscript.org/ammr-doc/changelog.himl ).
[1-]
[--#% RunAnalysis “ ij:; Mi d
¥ LoadAndReplay The inor updates i
1S
: ;;f :: » Improved the error message shown when muscle wrapping fails.
Information v o1 X < 5 o The improved error message now shows which muscle causes the ich
. The Error. .
| Main Lng Abo » Improved the behavior of the File Tree “locate in Anyscript™ € Is
- c context menu function, so that it now finds the correct include
utput x 3
AnyMainFolder P v G statement location for the file.
A L
v v Bugfixes: iole
Model Tree: Fe > the
Ready « Fixed an issue where sometimes an AnyBody™ process would be
left running even after the graphical interface was closed.
s Fixed an issue where using functions such as max() with empty
argument arrays would cause an unknown error.
< > « Fixed a crash that could occur when interacting with the model tree ¥ .
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www.youtube.com/anybodytech
> Previous webcasts e —

[A] snybodytech.com: Publ: X YR

<« C () @ Sikker | https//www.anybodytech.com/downloads/publicatio % a2

A N Y B 0 D Y INDUSTRIES SOFTWARE SERVICES EVENTS DOWNLOADS CONTACT he

TECHNOLOGY >earcr e
3 2 53 7 " . E .

www.anybodytech.com
o Events, dates, publication list, ... Industry

orthopedics automotive exoskeleton aerospace defense work place ergonomics consumer products furniture

sports

Bod t
Events: i

8-12 JU|: WCB in DUinn7 Ireland' seating gait methods FEA animal occupational health validation sensitivity analysis rehab
See you on bo_oth #42 at and for vear [P publications
our session with Xsens

hand wrist upper extremity shoulder trunk spine hip lower extremity knee ankle foot mandible elbow leg

Research area

Keywords

2018 Chander DS, Cavatorta MP (2018), "Multi-directional one-handed strength assessments m
using AnyBody Modeling Systems", Appl. Ergon., vol. 67, pp. 225-236. [DOI, WWW]
upper eXTrCITIlry

validation

2017 Angelini L, Damm P, Zander T, Arshad R, Di Puccio F, Schmidt H (2017), "Effect of arm
swinging on lumbar spine and hip joint forces", . Biomech.. [DOI]

We are hiring:

2017 Arshad R, Angelini L, Zander T, Di Puccio F, El-Rich M, Schmidt H (2017), "Spinal loads and

spine hip knee

spine  gait

* Biomechanics Specialist and Simulation
Core Developer

[z Meet us? Send email to sales@anybodytech.com
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Time for guestions:
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