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Introduction

Hip capsule anatomy

Iliofemoral ligament Ischiofemoral ligament

Pubofemoral ligament

M. Takao, Y. Otake, N. Fukuda, Y. Sato, M. Armand, N. Sugano, The Posterior Capsular Ligamentous
Complex Contributes to Hip Joint Stability in Distraction, J. Arthroplasty. 33 (2018) 919-924.
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Introduction

Iliofemoral ligament (IFL)

Iliofemoral ligament
Y-Shaped
Strongest ligament in our body

Passive, joint-stabilizing properties

M. Takao, Y. Otake, N. Fukuda, Y. Sato, M. Armand, N. Sugano, The Posterior Capsular Ligamentous
Complex Contributes to Hip Joint Stability in Distraction, J. Arthroplasty. 33 (2018) 919-924.



Introduction

Iliofemoral ligament

Shares its moment arm with iliopsoas

https://www.biodigital.com/
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Potential Energy

g Shares its moment arm with iliopsoas

— Ligaments act like springs



Introduction

https://www.biodigital.com/

Iliofemoral ligament
Shares its moment arm with iliopsoas

Ligaments act like springs

U

Reduces the workload of the hip flexors
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Aim

Define the contribution of the iliofemoral ligament to human walking
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Methods

Simulate human gait with and
without the IFL

U

Effect of inclusion of IFL on
required work of the hip
musculature
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Data set

Schreiber and Moissenet (2019)
Human gait of 50 healthy individuals

19-67 years
1.74m +0.09 m
71.0 kg + 12.3 kg

Straight level
3 trials per subject
Speeds 2.9 - 4.3km/h
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AnyBody implementation

Muscles

Bone topology

3 Element Hill type

TLEM 2.1

muscles
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AnyBody implementation

Illiofemoral ligament geometry

Superior and inferior part:
2 springs each

Origins and insertions based on
Tsutsumi et al. (2020)

Ellipsoid wrapping surface

Tsutsumi, M, Nimura, A, Akita, K. New insight into the iliofemoral ligament based
on the anatomical study of the hip joint capsule. J Anat. 2020;236(5):946-953.
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AnyBody implementation

Illiofemoral ligament
properties

Linear force-displacement
relationship

Strength based on Hewitt et al.
(2002)

Scaled properties with strength
scaling of the pelvic muscles

Hewitt, JD, Glisson, RR, Guilak, F, Vail, TP. The mechanical properties
of the human hip capsule ligaments. J Arthroplasty. 2002;17(1):82-89
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AnyBody implementation

Illiofemoral ligament
properties

Calibration of the ligament rest
length in the neutral standing
position of the static trial

Parameter study

25%, 50%, 75% of mean strength
found by Hewitt et al. (2002)

Hewitt, JD, Glisson, RR, Guilak, F, Vail, TP. The mechanical properties
of the human hip capsule ligaments. J Arthroplasty. 2002;17(1):82-89
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AnyBody implementation
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AnyBody implementation

Hewitt, JD, Glisson, RR, Guilak, F, Vail, TP. The mechanical properties
of the human hip capsule ligaments. J Arthroplasty. 2002;17(1):82-89

Output

Mechanical work performed by
the hip muscles

21



AnyBody implementation

work with IFL
"~ work without IFL

> 1
= more work when IFL is included

<1
= less work when IFL is included

Hewitt, JD, Glisson, RR, Guilak, F, Vail, TP. The mechanical properties
of the human hip capsule ligaments. J Arthroplasty. 2002;17(1):82-89
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Clinical relevance

No consensus on capsular management

J" \’/

Biomechanical evidence
= Maintaining stability

L Prospective randomized trial of Economopoulos et
al. (2020)
o : :
/‘> = Better patient reported outcomes when anterior

hip capsule is repaired

IFL works synergistically with the hip musculature

Economopoulos, KJ, Chhabra, A, Kweon, C. Prospective randomized comparison of capsular Ekhtiari, S, de Sa, D, Haldane, CE, et al. Hip arthroscopic capsulotomy techniques and capsular management strategies: a
management techniques during hip arthroscopy. Am J Sports Med. 2020;48(2):395-402. systematic review. Knee Surg Sports Traumatol Arthrosc. 2017;25(1):9-23.



Clinical relevance

Hip arthroplasty

No consensus on capsular management and
conflicting reports in literature

From a mechanical standpoint, repair seems most
appropriate

Andrew M. Schwartz, Rahul K. Goel, Aidan P. Sweeney, Thomas L. Bradbury,Capsular Management in Direct Anterior Total Hip Arthroplasty: A Randomized,
Single-Blind, Controlled Trial,The Journal of Arthroplasty,Volume 36, Issue 8,2021,Pages 2836-2842,https://doi.org/10.1016/j.arth.2021.03.048.
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Implications for research

Inclusion in musculoskeletal simulations

Interested in hip flexors for motions with hip
extension

Recommend including the anterior hip capsular
ligaments
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Implications for research

Upper Spring Attachment
Passive spring-like structures can store and return
S energy during cyclic movements

Reduce the energetic cost of locomotion

X’ Haufe et al. (2020) illustrated that participants’
Hip Center~ ~ contribution to hip power reduced with 23%
of Rotation Lower Spring
Attachment

F.L. Haufe, P. Wolf, R. Riener, M. Grimmer, Biomechanical effects of passive hip
springs during walking, J. Biomech. 98 (2020) 109432.
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www.anybodytech.com

» Events, Webcast library, Publication list,

www.anyscript.org
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Events

* AnyBody Modeling System 7.4 was released
May 2nd, 2022

» Webcast: New features in the AnyBody
Modeling System Version 7.4

&Y Meet us? Send email to sales@anybodytech.com

y'j Want to present? Send email to ki@anybodytech.com

Find us: Emun !

What do w

521 model, output still frames, and combine them into a video afterwards.

New Examples

* A new box lifting MoCap model to help users get started with Xsens based models that interact
with objects in the enwmnmentu
« Anew morphing tocl by Dr. Enrico De Pieri

= Asimple trunk exoskeleton medel example)
human model. [
+ Added a new exoskeleton madel example {
showing how to apply simulation-driven co
» Aknee force example model, showing how|
force in model with simple revolute axis kng

AnyBody Modeling
System 7.4

New Video Generation Tool

The model repository has a new tool to create high quality videos ("*.mp4) with a single click

g-in-gait_Simple\Ls

¢ ¥ [RunAnalysis ~| b Execute ¥ om

Studies.nverseDynamicStudy:VideoTool Create Video
RunParameterldentification
RunAnalysis

Find the new VideoTool.CreateVideo operation under the study folder. This will automatically run the
Many of the example models already have this tool enabled. The tool can easily be adapted/copied to
other models. Look, for example, at the CreateVideo. any file in the MoCap model examples

It is possible to control all aspects of the video like resolution, speed, camera positions, overlay icons
etc. Here is an example of video (720x1080) generated with the tool

and

body
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Thank you for your attention
- Time for questions
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