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The VPH Approach

B Estimate future outcomes by simulating personalized
physiological models

B Personalization mostly comes from imaging, but demographics
and lifestyle are considered, too

B Typically, in a study:
® the same procedural workflow needs to be repeated for all the subjects

® the workflow is carried out by researcher that are either more technically
minded or with a more marked clinical-background

® specialized clinicians oversee the final quality of the results
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A Common Denominator

B A common characteristic of the projects to be presented is that

each of them assembles
open-source or open-source-derived components

to deliver innovative services
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The sum is bigger than its components

the orchestration of the three projects
exemplifies
a template of a new way to provide
access to advanced solutions

MySpine

GIMIAS VPH-Share
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MySpine Motivation

m Low back pain is a well-known and

widely spread illness.

B Prevalence estimates for chronic low back

pain between 6 and 11% (and annual direct

cost of low back pain of 7.000 € per person)

m Billions of Euro are spent each year in

Europe on treating this disorder.

(Juniper et al. 2009)




MySpine Goals

B Aims to create a clinical predictive tool to provide clinicians with
patient-specific biomechanical and mechanobiological analysis.

B This tool will help to determine the best patient specific
treatment for low back pain.

B The project will focus on disc degeneration pathology although
the developed prototype system may be able to analyze other
spinal pathologies as well.
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MySpine Data Flow

CT and MRI
data (DICOM)

Patient-specific FEA

Hounsfield and

MRI intensity Patient-specific model Patient-specific 3D L1-
S1 lumbar spine

Patient-specific
Degenerated geometry

Adjacent mono-
disc

segment
Patient-specific mesh

Pfirrmann grade

: Vertebra
on all discs

remodelling U dieinzse

Patient-specific tissue
definition

Height & weight

Virtual clinical images

Risk of degeneration
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GIMIAS

open-source software platform
1{o]§
medical image analysis
and
physiological modelling
and
for the prototyping of end-user applications




GIMIAS — Imaging
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GIMIAS — Physiological Modelling

Imaging -+
Signals —#

Data Retrieval

Physiological Modelling -

Fan

Applications

@D

Global Filtering

Local Surface Editing

Mesh Manipulation

s

—A\_ Cutting / Hole Filling

Volumetric Mesh Generation

Boundary Conditions

Material Properties / Cells Annotation

Model Representation Languages (CellML /
FieldML)

MITK - VTK / OpenGL

Post-processing / Multi-render libraries cmGUI

NETGEN, TETGEN, ...

Post-processing

Multi-render libraries

Mesh Manipulation
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GIMIAS 4 MySpine

B Proper handling of unstructured grids
B Enhanced XNAT connectivity

.G]M]AS |_|:|||E| &1

File Edit View Tools Selection Advanced Help

Dicom @ Scene View

Ha @ ¢ afae @=vw OMDX® - /|=)s::Eun - &
Data tree Bx

—.-  Root
2] XNAT Subjects
[ ] XNAT Query Results
...[7] FEM: MYDO01_FEM.vtk

X =

Toobox BXx
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Input data &
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Lighting settings | Scalars settings

Scalar Array Regionld
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| Set Range |
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MySpine goals & needs
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VPH-Share Overview
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VPH-Share Infostructure

B VPH-Share flexibility comes from a rich support layer (the
infostructure) where services are made accessible to user
through the web-based Master Interface

Master interface

Resources Functionalities

f—
Sharing
Preview

Creation
Sharing

Execution

Upload

Workflows 1 Sharlng
Execution
Composition

Groups/institutions

Login/registration
Ticket creation

Search & annotation
Security proxy (WP2)

External services

Data management
(WP2/WP3)

>/ ParaviewWeb (WP6)

Cloud platform (WP2)

|1 | Semantic services (WP4)

Workflow manager (WP6)
—> Taverna Workbench

H—>
onlineHPC

Taverna Workbench

|| 5| Biomed Town

OpenlD provider

APIs
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VTK File Preview in LOBCDER

DATA APPLICATIONS WORKFLOWS SEARCH

Create directory

View slice ) E mouse & press LEFT button: rotate, MIDDLE button: pan , RIGHT button: zoom

Name Owner Modified Size (B) Actions

8 06e4cb7b-a391-4d66-84a5-530b53814252 demo1 13 Mar 2014 0 Bl > »
8 0ceOcd5e-19e3-48e6-962b-c3704dbd381b demo1 23 Mar 2014 0 7 9
8 1c35b141-43ea-4434-9d96-c6d98bd64c71 demo1 11 Mar 2014 0 ﬁ 7

ParaView Web
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VPH-Share Cloud Services

RESTful API for streamlined cloud management:
* on-demand spawning of VMs
* on-demand removal of VMs
e endpoint configuration (ports and URLSs)
* VM configuration and
 start-up info injection
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Expected Outcomes of
MySpine in VPH-Share

B MySpine workflow made available at anytime, in anyplace to all
partners

B Deployment of software upgrades automatically accessible to all
partners

B Facilitate connectivity between MySpine software platform and
HPC facilities
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MySpine@VPH-Share Main Components

‘ XNAT Database (Clinical data &
ea mages)
888
ICEBERG HPC Server
VPH-Share
N8 HPC Server
| r| Python Script
' SO Abagus simulation:
MySpine | | | (b Short terms effects
(GIMIAS) || Matiab, Python)
e I N N H [ Abaqus simulation:
Imaggir?:sed d Ageing effect
reconstruction - (+Matlab, Python)
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Starting MySpine@VPH-Share:
application selection (1/3)

DATA

R L4 o

I Reomect it dnaprovier

o
WELCOME TO THE MASTER INTERFACE!
VPH-Share is an online environment for the development, construction and storage of biomedical workflows. It is designed to help researchers, clinicians
and software developers share resources - data and tools - to build workflows quickly and easily.

BETA USERS PROGRAM
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Starting MySpine@VPH-Share:
application selection (2/3)

el | | | ey [ ] |
” 1L &1 T T T e
\ M= USSR Help | About

DATA APPLICATIONS WORKFLOWS

home | tools

LTI Workflows My Applications

rt new application
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Starting MySpine@VPH-Share:
application selection (3/3)

Start new application

O,

MySpine r20 AHE (Application 1.Download of CT/MR of same session together in one click

Hosting Environmenk on Download button. 2. Upload of Segmentation and

Matched Flavor: M3 Extra Large Alignment meshes(s files) along with the FEM(5 files) upload.

{$0.5320 per hour) 3. Run simulation modified - included the session number of
MRB/CT scans as one of the argumenks passed to run the
simulation script, 4. AhePlugin - Run Simulation using
Application Hosting Environment (AHE). 5. The
"Tools/Segmentation,/Manual Correction of Meshes" is
available in the workflow mode, Respective Myspine.xml
workflow file should be added at ChUsers),
(Username)\appDatatRoaming\gimiasiv1.5_Myspine\Workflows
Pick initial configuration:

blank configuration

P Start selected Cancel

P Start selected
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Starting MySpine@VPH-Share:
cloud instantiation (1/2)

B | | [ [ | | [ | i
| [ | 1 1 ] Help [About | Hi, Peter!
|

” —

— 1 Being
DA ¢ Instantiated <2

home | tools

LTl I Workflows My Applications .
o

Name P Location Status Charge Actions
MySpine r21 AHE Amazon cm m m

Start new application .
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Starting MySpine@VPH-Share:
cloud instantiation (1/2)

B | T [ [ T T ]
-4 JEEEEEEEE. = Help | About|  Hi, Juan!

DATA

home | tools

LTl Bl Workflows MMy Applications

Name P g Location . Status Charge Actions
MySpine r20 AHE (Application Hosting 54.216.57.194

. ar. Armazon ﬁm %0.53
Environment) o m

FATITTOT same session together in one click on Download button. 2. Upload of Segmentation and Alignment meshes(> resr aith the
iles) upload. 3. Run simulation modified - included the session number of MR/CT scans as one of the arguments passed to run the simulation script
AhePlugm Run Simulation using Application Hosting Environment (AHE). 5. The "Tools/Segmentation/Manual Correction of iveshes” is available in the
W cmode. Respective MySpine xml workflow file should be added at C:\Users\(Username)\AppData\R@aming\gimias\v1.5_MySpine\Workflows

Web Applications

WS/REST Services Application
RS Upgrades

Other services

RDesktop 54.216.87.194338>
Sktart new application .

Cloud cost showm, are indicativ=~=ly. = % ° “ion of the VIPH-Share project, all cloud costs will be met by the project.

RDP is

Privacy pq oring | Report & bug

enabled

Center for Computational
Imaging & Simulation 7 5 Of
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Connecting to MySpine@VPH-Share

A Am
e azon
Computer < I IVI IAS 4 Hostname : AMAZONA-054EPQC

CIOUd Instance ID : i-6907a32b
0 P .olic IP Address : 54.216.87.194
g MySpIne lrivate IP Address . 10.89.4.208
Recycle Bin Insta nce s\wailability Zone : eu-west-lc

Instance Size : m3.xlarge
Srchitecture : AMD64

( /
My Spine@G. ..
/) MySpine - Info x

C' [ file: f//C: JUsers fcistib/Desktop /INFO.html

ClsTip st © o i~

MySpine:

MySpineYideos
XNAT: http://myspine-xnat.cistib,org:8080/xnat/

“ Tw\"“ste Contact: support.cisitb@sheffield.ac.uk

MY0016 Questionaire https://docs.google.com/forms.. H e I p, S U p p 0 rt
GIMIAS: and Feedback

Website: http://www.gimias.org
MYOOSS

SIMI4S Contact: support.cisitb@sheffield.ac.uk

Website: http://www.cistib.org

CISTIB Contact: http://www.cistib.org/afrangi

Email: support.cisitb@sheffield.ac.uk

Lrstart

| & & 5 € s B g
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MySpine VM: Vertebra Segmentation

XNAT Window  Disc Segmentation | Vertebra Segmentation VertAlignmentMR

+ GIMIAS
File Edit Yiew Tools Selection Advanced Help

CreateFEM

[_[E]x

XNAT Window | Disc Segmentation | Vertebra Segmentation | VertAlignmantMR | CreateFEM
Qs i Ale @=9 O=0MK®: =D

Vertebrae .
Segmentation ¢
in CT o
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=y Datatres

Root
&[] HNAT Subjects
[] #NAT GQuery Results
[ Scanib: 13 Type: T2 COR MYSPINE
& [ fusedrr.
[ Landmarks
[ Disc segmentation_autputFile
[ Scanin: 10 Type: T2 AXI MVSPINE
[[] Scanib: 7 Type: T1 SAG MYSPINE
[[] Scanib: 4 Type: T2 SAG MYSPINE
&[] ScanlD: 5 Type: TokalQCT_MFR
[] Landmarks
Wertebrae segmentation_outputFile
[ ScanlD: 4 Type: SmoothQCT
[ ScanlD: 3 Type: TatalQcT

X| =

Toobox

A ReEE RE

Vertebrae segmentation

QT Image

[15#5canin: 5 Type: TotalQeT_MPR (volun x| J

Discs centers in QCT

[31#Landmarks (point set, -) =l J
Help and Acknowledgment >

Reset | Apply ‘ SaVESErlpt‘

I™ Run as executable

Location

4,99 (33.15%) ()
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MySpine VM: MR/CT Alignment

XNAT Window  Disc Segmentation  Vertebra Segmentation  VertAlignmentMR CreateFEM

2 GIMIAS [-[5]

File Edit vView Tools Selection Advanced Help
XNAT Window | Disc Segmentation | Vertebra Segmentation VertAlignmentMR CreateFEM
Bdi¢ O tae @=9 0=0X® =|@m:En-

mp Datatres Bx

Root
&[] ¥NAT Subjects
[ =MAT Query Results
[ ScaniD: 13 Type: T2 COR MYSPINE
&[] fusedmr
[ Landmarks
[ bisc segmentation_outputFile
[ ScaniD: 10 Type: T2 AXI MYSPINE
[ ScaniD: 7 Type: T1 SAG MYSPINE
[ ScaniD: 4 Type: T2 SAG MVSPINE
5[] ScaniD: S Type: TokalQCT_MPR,
[ Landmarks
[ vertebrae segmentation_outputFile
[] scanI: 4 Type: SmoothQCT
[ scanID: 3 Type: TokalQcT
Vertebrae alignment in MR _spinefR.

Alignment of

Disc and
Vertebrae In ﬁE =
MR y y [ [0 ]e 0

| Vertebrae alignment in MR

Help and Acknowledament

Reset ‘ Apply ‘ SaveScr\pt‘

o |

™ Run as executable

Location |

5.03 (33.44 %) ()

The
University

CISTIB

f
Qheffield

30



MySpine VM: FEM Generation

XNAT Window  Disc Segmentation  Vertebra Segmentation  VertAlignmentMR  CreateFEM

& 54.220.75.216 - Remote Desktop Connection - o B
Fhe EAt View Tooks Selection Advanced Help

XNAT Window | Disc Segmentatlon Vertebra Segmentation VertAlignmentMR  CreateFEM
A YD S A @ Ot 0K G - (@u=Eia

Patient
Specific Finite
Element
Model

| 164. 1.07 % )
3 m “o Z 2 o O . S7PM
Do | oy &3 {: & Sl S SR
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MySpine Workflow: Simulation on HPC

* Application Hosting Environment (

-

& Request

* User
Credentials L
e Application
* Data

* Resource?

~N
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Imaging & S |
Technoloag

AHE

configuration

4

32


http://ozone.chem.ucl.ac.uk:8080/aheweb/#appInstHistoryToken

CISTIB

MySpine VM:
Visual Assessment of Simulation Outcomes

< |GIMIAS [_[2]x]
File Edt %ew Tooks Selection Advanced Help
XNAT Window | Disc Segmentation | Vertebra Segmentation VertAlignmentMR  CreateFEM
HEif arBe @=w Ot=00K: =@ ==
a = Datatree Bx

2! Root
&[] ¥NAT Subjects
] ®NAT Query Results

Loading SR
simulation:

Bending and
Weighting

X|

Toskox ax
y | @ O
Input dsts =

3#5IM;: MY0216_FEM_BEMDINGReduced vtk (Voh = |

Lighting settings ~ Scalars settings |

Sealar Aray[ -

M1 oo
Maxfz0,00

Set Rangs |

Automatic Range |

Background Color
[plack. [ |

Lookup Tables
[Rainbow hue inverted

Ll

I Show legend

327.06 (2.12%) ()
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