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Abstract: The objective of this paper is to present a newiserconcept of

Simulation Service Provider for orthopaedic surg6®dRTHOSIM), aimed at the
health community and implant industry. ORTHOSIM segvshall offer virtual

analyses the implant behaviour after implantatioraicustomized implant-patient
configuration. ORTHOSIM is based on a highly sopbéed human body Finite
Element Model (FEM). FEM models offer the possibititlyanalyse the mechanical
properties of implants and implant-human set. Wiils service the orthopaedic
surgeons will accomplish a better preoperative mifegnand will reduce the failures
risk due to the implants. The manufacturing compamél reduce manufacturing
costs and will obtain more reliable implants. The spitals and health
administrations will be interested in improving tyaof health service. Finally, the
research teams, who are owners of validated bioamechl models, will integrate
their models within the service in order to makeid exploitation of their models.

1. Introduction

Each year more than 600.000 of knee, hip and sgimgical interventions that require
surgical implants are performed in Europe. Eachraimn represents a mean expense of
15.000 € with an average expense per implant A0l A significant amount of these
interventions are re-operations needed to repaireatisfactory clinical result. A better
pre-operation planning will reduce uncertainty andsequently the number of failures and
related sanitary expenses at European scale. Adewsable amount of them are due to
failures that could be prevented with a better pegative analysis such as the one proposed
by ORTHOSIM.

Virtual modelling offers the possibility to anaé/the mechanical properties of implants
and implant-human system. These techniques peonmitinimise technical failures due to
inappropriate configurations through a better pegafive planning, and optimises design
process of implants by reducing failure due to Basign, thus improving competitiveness
of the European implant industries. There are m@sgarch teams in Europe that have
validated Finite Element Method (FEM) models ofetiént parts of the body that are only
used for scientific purposes. This is a clear exangd the European Paradox which
‘ORTHOSIM’ wants to reduce: excellence in reseatitait is not used for economic or
health purposes. ORTHOSIM is aimed to enlarge #meice to any other human joint or



other spine section models. The platform is inteéndehost any new model by performing
a small adaptation of the new model in order taneahit to the interface portal-user.

With this service, a surgeon or implant engineer effectively call on the expertise of
the best people in any field of orthopaedic surgeryere biomechanical simulation can
offer new insights for patient care. It targetethbasic stakeholders in the health sector:

» It offers to orthopaedic surgeons scientificalljidated models for clinical simulation
of customized cases.

* It offers to implant manufacturers a tool to evéduaew product concepts without
costly procedures.

* It offers to students and researchers a relevadtamaessible tool for learning and
investigating.

ORTHOSIM service will meet actual and acknowledggidting demands as:

* The surgeons nowadays make preoperational plarusigy X-ray films or/and CT
scan to identify injuries. If they are not expeded, they select the implant system and
configuration recommended by the manufacturerhéf surgeon has experience, s/he
selects the implant according to his/her experigbaewith no objective biomechanical
information about the behaviour of the assemblgtjonplant.

* The manufacturing SMEs can generally only study lbiedaviour of the fixation
systems by in vitro tests, at the final stage efdlkvelopment. At this stage of product
development, the introduction of variations is veogtly.

» Existing FEM models require highly qualified staff be used, and they are normally
hosted in research centres, so that their usetisated to a limited number of users and
very rarely clinical users.

1. Objectives

The latter facts joined to life expectancy that imeseased from 19% in 2000 to 24% in
2020 for people aged over 60 [1], has made imptariufacturing an area with major
expectations to develop innovative products to robdahe human life quality and reduce
risk failures.

Besides, the process of development of new implanésslow process, due to the
amount of tests required to check the proper belavef these implants. To verify the
quality of the designs, the manufacturing compamast perform many laboratory tests to
check the mechanical behaviour on physical protgyas well ag vitro tests whose cost
is very high. All this necessary experimentatioows the process of development of new
implants and also increases their final cost.

Theobjective of this paper is to present a new telematic sereancept: the
Simulation Service Provider(SSP) for orthopaedic surgery (ORTHOSIM), mairitped
at thehospitals and health administrations theorthopaedic surgeonscommunity, the
orthopaedic manufacturing companiesandbiomechanicatesearch teams
The services provided by ORTHOSIM are:

1. Simulation services. The possibility of simulating a persa®& instrumented human
joint in different situations.

2. Integration services of existing simulation models. Biomechanical madebn be
integrated on the ORTHOSIM platform service to mékem available for any user.
The model has to follow an adaptation process bdfemng integrated in the service.

3. Promotional services. Those industrial firms interested innpotng their products
related to orthopaedic surgery or biomechanicabiitron would find in ORTHOSIM
a suitable environment to do it.



4. Information services. Creating a database of clinical casessaible for any
accredited user and a virtual community of highlettiprofessionals. The users will be
able to acquire better knowledge and compreherditime biomechanical behaviour of
the instrumented human joints by simulating manyfigoirations and conditions or by
consulting the database or by communicating witkirtual community of highly
specialised users.

2. Methodology and Technology Description

ORTHOSIM consists on the development of a SimutaService Provider for orthopaedic
surgery where simulation models are hosted linkinghopaedic surgeons and
manufacturing companies with research teams whe taveloped the models.

ORTHOSIM is based on the developments from a pt®F Craft project called:
DEVASPIM [8]. Mywebspine is a service platform that resultesifrthe DEVASPIM
project. This service via internet is based onghllyi sophisticated Finite Element Model
(FEM) of the lumbar spine. The preliminary validati of the tool, including the user
experience, has been performed at a rigorous #aeartd technical level by surgeons and
implant designers. ORTHOSIM is the next stepiyiwebspineservice, where the service
has been evaluated by means of tests with thetsildars related to the service, and has
been upgraded including more implants and models.

A user — a surgeon planning an operation, or aimnerg working for an implant
manufacturer — calls up the service website anérerd simulation service from among
those models available. He or she enters the apatepnput data (information about the
patient and the surgical technique proposed) irufee-friendly interface.

The SSP connects to a simulation
model server and initiates the simulatic ey
computation using a customised and valida orthoSIV
model (Figure 1). Once the job is complete, t CENTRAL PORTAL
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preparation and testing of real implant models.

i Intemet distribution

Hence, the generic characteristics of the ‘e-heatibnted service platform may be
used not only for lumbar spine implants, but also éther types of implants where
preoperative simulation and planning may improwedinical results. It will be a matter of
business excellence of the future SSP to engage vadidated and sound models (for
instance, by sharing exploitation benefits with thedel's owner), which can improve the
appeal and usefulness of the overall service ctistomer targets.

Themain elements of the portal’sarchitecture are the following:
1. Web server. Located at a remote ISP. It hostweld pages visited by the end
users, the application and the central database.



2. Simulation gateway. This server controls andgers the technical simulation
cycle, acting as an interface between the web sanegthe ANSYS simulation machine. It
is located within the local area network of resbarenter.

3. The server that hosts the FEM simulation sofwagether with all necessary
biomechanical modelling tools. It provides the fssin form of text and/or image files.

The simulation process will be conducted in sixsgmutive and iterative steps.

1. The simulation gateway detects a pending sinaungbb at the web server’s input
tray.

2. The simulation gateway downloads the configarafile and any other relevant
information for launching the simulation.

3. The simulation gateway provides the ANSYS maehiith all necessary data
and triggers the start of simulation.

4. The ANSYS machine finishes the simulation andmoads the result files and
any other relevant information into an output twathin the simulation gateway.

5. The simulation gateway (a) detects the results(d) transfers them to the web
server, notifying the end of the simulation job.

6. Eventually, the simulation gateway asks the ghad notify the client of the
availability of the results.

Hence:

- Step 1 has to verify new simulations pending d#bwge TCP/IP SQL-SERVER
port 1433 to verify if there are simulations.

- Step 2 has to download the XML file containing tsimulation. It can be done
using port 21 or 80, and probably port 1433 to tpdhe state of the simulation from
"pending” to "in process".

- Step 5 has to upload the results of the simulatoXML through ports 21 or 80,
update the state and some database data (1438pkradl some files.

No specific requirements are necessary for thelation gateway server except full access
to Internet in all ports, full access to ANSYS sar(connected in the same LAN) and NAT
access from the outside world (VNC).

The FEM models offer the possibility to analyse the mechanicalpgerties of implants
and the implant-human configuration [2], [3], [4]hese techniques permit to optimise the
design process of implants by reducing failure daebad design, thus improving
competitiveness of the European implant industeeswell [5], [7]. There are several
research teams in Europe that have validated FENem®f different parts of the body that
are, at present, only used for scientific purpo3éss is a clear example of the European
Paradox, which ‘ORTHOSIM’ wants to reduce. There arany software vendors which
provide generic simulation packages for serviceviplgrs usually for traditional industries
(Arena, Witness, ANSYS, Promodel, Simul8, Simprscestc). The application of
simulation to orthopaedics or biomechanics in gané limited to demonstrators for
students or junior surgeons at universities. Welccowt find commercial equivalents to
ORTHOSIM, the simulation service provider whose agnmmot excellence in computing
methods, but in the application of validated antbvened finite element method models to
solve concrete orthopaedic problems.

Although there are currently different simulatioroaels, none of them has been
provided to the health community as an open coaoit system for surgeons or
manufacturers. The models currently available meqgthe individual implementation of



each model’s variations and instrumentation satsl, therefore the costs and expenses
make their application unadapted to a reliable ampid routine use for the above
mentioned purposes (Figure 2).
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Figure 2. Relation between complexity and end usersessibility to FEM models.
3. Results

After having launched the simulation, this will breated as a new request by the model.
This request will stand “in queue” until the modelfree to handle the next request .The
request will be “simulating” until the calculatias finished and afterwards the results will

be transferred to the portal. These are the stégsvards:

1. Receive email notification

Depending upon the model server conditions andirthet configuration chosen,
about 30-60 minutes after having launched the stior, the user will receive an e-mail
indicating that the process has been completedsuitibess (or aborted due to a failure).

2. View output report
The output report obtained from the simulation Wil displayed to the user containing
three parts:
2.1. Input data summary. Showing the main input data inserted by the tdserthe
simulation and also the obtained 3D reconstructibthe lumbar spine of the patient
from the digitalized X-rays. With this geometricomstruction and the input data it was
obtained the personalised FEM model.

2.2. Motion and loads in the intervertebral discs bthe FEM model:

2.2.1. Sagittal rotation of each of the interverdéékevels. It is shown the rotation, in
degrees, for a sagittal bending motion of the numé@ne, of each of the
intervertebral levels (purple bars) compared whith teference values (blue bars).

2.2.2. Maximal equivalent von Mises stress in thgc dnatrix. It is shown the
maximal stress, in MPa, in each of the Intervedklvels of the model (purple
bars) compared with the reference values (blue) bars



2.2.3. Maximal force in the disc fibres. It is shothe maximal force, in MPa, in the
Intervertebral levels of the model (purple barsnhpared with the reference values
(blue bars).

2.3. Stress distribution on the screws of the FEM odel: As results, it is obtained
three graphs per instrumented level concerningtitess distribution on the screws:
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4. Business Benefits

The ORTHOSIM service will_. . ;

o Figure 3. Simulation results.
partner with implant manufacturers
and resellers, in order to perform a
biomechanical model of their product catalogue andchnical setup of the portal prior to
enabling these products for simulation.
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The advantages of delivering “simulation” as a tgpéapplication service provider”
(ASP) approach are the same of a typical ASP, waiieh
* The centralization of functional resources, databasd know-how.
» The scale effect, which permits to deliver quadigyvices to a broader audience.



» The simplicity of utilization and access for us@xithout the need of acquiring licences
or maintaining software).

* The pay-per-use approach, which gives the usersytien to pay only for what they
“consume” as a service.

* The modularity of this approach, which enablesAB® to offer new service packages,
without changing the way of interfacing with thepagation.

The income model for sustaining the service is hasethree major sources:

1. The simulation service, aimed at two marketsg@ons and implant designers)

2. The inclusion of new products, which requireoniéchanical modelling and
inclusion of technical data into the portal’s catale.

3. Information services, aimed at exploiting thduable database, and marketing
services, such as promotion of products, bannecsymmendations, etc.

For payment, the service will be based on a csditem. Credits can be bought on-line
by any user or “sponsored” into a user's accountabyegistered company (“point
injection”). So any user will have a credit accowtiiere all credit transfers are registered.

Therefore, credits can be either bought, or obthibg asking a sponsor to provide
them. Sponsors will have their own administrati@mel, in which all credit transfers and
reports of activity will be displayed. In this resp, two alternatives are possible for clinical
simulation:

1. The surgeon can only choose products of ondghengame sponsor.
2. The surgeon is free to compare implants frorfedght manufacturers.
A last option can be devised:

The surgeon is free to compare implants from difiéimanufacturers if s/he (or his/her
hospital) has paid the points for it and doesnrét sigonsored points.

After this process, the partners of ORTHOSIM willceive a specific amount of
sponsoring credits that can be employed by thesptmsor some users or to provide an
added value to their customers.

Furthermore, partner companies will obtain a spg@asword to manage the products
displayed at the simulation portal and make tlaemailable for simulation. These companies
will have access to a sponsor credit administraiioorder to distribute their credits among
their customers.

5. Conclusions

There are some research teams in the EU and walddiivat have validated and customised
models of different parts of the body. Neverthelga®esently they are only used for

scientific purposes. This is a clear example of Eneopean Paradox, which ORTHOSIM

wants to reduce: excellence in research that isusetl for economic or social helpful

purposes.

ORTHOSIM service is now under market validationeTuccess of this endeavour is
based on the possibility to measure and certifyefifectiveness of simulations reducing
uncertaintyand improving the quality of surgery interventioBy determining the extent
of such gains for each of the available modelsh Isatvings for the health administrations




(public and private), as well as advantages foiptiteent treatment will be demonstrated. In
fact, continuous scientific validation of each miogether with adequate dissemination of
these results to professional associations, privetgpital consortia and public health
authorities are key success factors of the ORTHOS#Wice. The underlined criteria will
be used to rate the success of the services. @theria of success of this service are
related to the consortium’s ability to cope witke flollowing issues:

= Inclination / barriers of identified purchasersy for the services.
= Barriers for the users to use the services at tnebasis.

» Inclination/ barriers of owners of new models tomgdy with and admit the
certification process of ORTHOSIM.

= Diversity in the relationships between market shakéers in the different countries
where market validation is to be conducted.
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