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Proposal of a New Design M ethodology including PD and SBD in Minimally
Invasive Surgery

G. Thomann

G-SCOP Laboratory

Institut National Polytechnique
Grenoble, France

Abstract— In all the production domains, we usually notice
a difference between the user's idea and the de%gne
proposition product. This variable difference oftdapends of
the design process methodology used by the company.
Nowadays, more and more surgical interventions aréexout
in Minimally Invasive Surgery, to make the postrafiee
constraints less painful for the patient. New suagitols are
designed after informal discussions between surgeamnd
designers. Medical terms, often used by surgeodseamployed
to explain their needs, don't allow for an instargans
understanding by designers. Unfortunately, thistieh causes
a dysfunction in the definition cycle of the produc
Our aim is to modify the design process for better
understandings and more complementarities betweeyesnos
and designers. For that we have the objective toppse a
design methodology which takes the user into accoumte
effectively in the process design.
After introducing the "Participatory Design" andetScenario-
Based Design" methodologies, we will devélep surgeon-
centred method-design proposition. Then, we will nigg some
needs expression scenarios and creativity scenamidsst some
surgical tool design solutions.

Keywords: Design Methodology, Participatory Design,
Scenario-Based Design, Minimally Invasive Surgery

I. Introduction

Currently, the consequences are very handicapgteg a
hard classical surgical interventions. Scientifiogress of
the last decades makes more and more possibldisfy sa
the needs for the surgeons in terms of surgicakrriads
and more precisely of surgical tools. Thus, the iMally
Invasive Surgery (MIS) made its appearance in djpgra
rooms in the years 1990. MIS has the main objesttoe
make the post-operative constraints less painfultlie
patient, mainly by modifying the operative procegth
the aim of introducing miniaturized or modified t®o
inside the human body.

Following this observation, the surgeon with whora w
are working has explained his need concerning fieeaf
minimally invasive surgical tools. These new desice
should allow the lumbar arthrodesis interventiort hg
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making large incisions (25 cm), but by making skrva
small incisions (2 cm) in the back of the patiebtsk.

Today, surgical tools are designed after informal
discussions between surgeons and designers. Medical
terms often used by surgeons and employed to explai
their needs don't allow an instantaneous underistg i/
the designers. Unfortunately, this relation causes
dysfunction in the product definition cycle.

Our aim is to modify this design process for better
understandings and complementarities between sugsgeo
and designers. Questions concerning methods, tuls
organisation supporting the process design will
explored to support the expression of this needh wie
aim of increasing the surgeon point of view durihg
design process of the tools.

be

In a first step, using an immersion in the medical
environment, we will realise some tasks analysisen]
we will organise some needs expression scenarids an
creativity scenarios with surgeons to propose sdesgn
solutions.

In this paper, we will show methodologies to better
include the user to the surgical tool design preces
Initially we will focus on the "Participatory Desifj (PD)

and the "Scenario-Based Design" (SBD) methodologies
which are mainly used in Web Development. Then, we
will present the adaptation of these techniquesthi
design of surgical tools and explain the scenario
configurations adopted. Since this scenario hasadir
been experimented, we will detail our first conans
and evolutions.

Later on, the concrete in situ application of thewn
design process methodology (integrating PD and SBD)
will allow us to experimentally validate the procee.
Our aim is clearly to reorganise the current preas=sign
with the goal of simplification and performance.

Currently, there were no documents that provided an
overall view of the integration of validation withevice
design, process design and production [1]. In reitimg
of the need for more practical guidance that erages
integrated design, development and validation, arete
has been carried out in the field of "Design folidation"
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which can be combined with other good practice
techniques such as design for manufacture, design f
reliability and design for usability.

[I. What is " Participatory Design" and what are the
advantages of use?

A Participatory Design (PD) workshop is one in whic
developers,
together to design a solution [2]. PD workshops raost
effective early in the design process, when idesas lue
less constrained by existing code or other infumstire.

Recently, issues have been explored in PD and tifree
them have dominated the discourse in the literatilme
politics of design, the nature of participation atiee
methods, tools and techniques for carrying outdibsign
projects [3]. During the last 20 years, the PD @ctg have
been more centred to the last arena: the individugect
arena.

The PD term appeared in the beginning of the 1980s,

concerning software development. Early in the PD
movement, this was not an issue: Platform-independe
software was not significant until the 1980s; Systevere
built for one organization. In the mid-80s, morel anore
industrials used software systems, so it was tiginhang
of the design for users [4]. This revealed the demify
of working closely with users on a possible newduoic.
Then, the "Collaborative Analysis of Requirementsl a
Design" (CARD) approach was proposed in 1992 and
refined into a well-understood practice in 1993 [BARD
can be assimilated as a macroscopic PD technigue [6
CARD sessions are conducted informally as a kind of
semi structured brainstorming session. Participarts
people who want to combine their different pointvadw
to reflect their diverse workplace needs
constituencies.
In PD, the users are involved in development of the

and

case of a too specific tool, we will discuss in thext
section, the proposal to experiment the Scenarge8a
Design methodology.

I11. Towardsthe creation of scenarios

Many papers deal with the advantages of the Saenari
Based Design (SBD) and with the way of creating

business representatives and users workscenarios [11][12] [13]. In SBD, descriptions dfiations

become more than just orienting examples and
background data, they become first-class desigactdj
Scenario-based design takes literally the adageathaol

is what people can do with it — the consequencémst
for them and for their activities that use it.

In SBD, scenarios of established work practice are
constructed. Each scenario depicts actors, goals,
supporting tools and other artefacts, and a segueic
thoughts, actions, and events, through which goats
achieved, transformed, obstructed, and/or abanddrtesl
scenarios are iteratively analyzed, revised, afidag.

Two types of scenarios in the design process are
proposed in [14]: the first, high-levetlay-in-the-life
scenariosare used to map the typical sets of usage
patterns and behaviours of the key personas bylalgag
a narrative that describes their use of the produrct
service. These scenarios, which are created iefgti
bridge the gap between user goals and user tasks by
exploring minimal sets of steps necessary to aehiev
particular goals.

The second type of scenario is thkey path scenario
Key path scenarios employ concept sketches and
storyboards that explore the structural and naidgat
paradigms of the design in sufficient detail toidate the
coherence of the design for all major interactiongen
the key path scenario has been iterated to thet mdin
coherence, it can be used as the basiscoframunication
scenario which is used to communicate the design to

products; in essence they are co-designers. A greatrecipients of the design.

number of projects are currently made around Saéwa
Web and Human-Machine Interface development [7] [8]
[9].

The major advantage of the user centred desigroappr
is that a deeper understanding of the psycholagical
organizational, social and ergonomic factors tlfigcathe
use of computer technology emerges from
involvement of the users at every stage of thegtleand
evaluation of the product [10]. The involvementusiers
assures that the product will be suitable for ittended
purpose in the environment in which it will be us@this
approach leads to the development of products ahat
more effective, efficient, and safe.

the

The User-Centred Design (UCD) methodology allows
designers to imagine and create an appropriateuptdd
the user. Unfortunately in some cases, this prodact
become too much specific and adapted only to oee, us
not to a whole of users. For these reasons andoaid e

However,Bordeleau and alexplain that, to the best of
their knowledge, there exists no patterns that esfdthe
difficult problem of integrating a set of possibly
concurrent and interacting scenarios into a set of
component behaviours [15]. They describe one of the
several behaviour integration patterns they haeatitied
to help designers define communicating hierarchstaie
machines from scenario models.

More specifically in the medical domain, the subjet
the study made bgawyer[16] is the impact of design
upon safe and effective use of medical devicesorErin
the use of such devices often are caused, atilegsirt,
by the design of the user interface, i.e., thoatufes with
which healthcare practitioners and lay users iatera
Mistakes made during device operation not only can
hamper effective patient treatment, monitoring, or
diagnosis but in some cases can lead to injuryeatid It
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is important that medical devices be designed with
consideration of the impact of design on safe Ud8s
study discusses human factors problems, gener@jrdes
principles, and human factors engineering methatd$ a
uses examples and illustrations for clarification.

In the second section, we have detailed the PD
methodology. It allows designers to create newst@wid
devices with user participation during all the paim
phases of the design process. Secondly, the irttioduo
the SBD shows us the significance of such
experimentation. Prototypes simulate the user fenter
they are used to select alternative designs andvenc
problems. Written scenarios help provide the stmacfor
what test participants actually will do. In all eas
scenarios have to be clearly written to help ensure
consistency across participants and test conditions
Healthcare professionals are the ones that caniderov
scenarios and check them for realism and accuda@y [

In the section below, we will first detail the SBD
methodology in the medical context, than, we will
introduce the surgical domain we are working on &l
methodology used with the user to express its needs

V. The surgical application domain and the usage of
the surgeon

A. The proposed design procedure

In the current study about the design of new satgic
tools using the SBD methodology, we propose the
following simplified diagram as our general design
procedure (figure 1).

Surgeon in real environment

A
@ |

Co-definition of users' needs and goa

S

v
Prototypes and operative procedure

@ |

Test in real environment: scenariq

S

y
Final tools and procedurg

Fig. 1. Diagram of the new design methodology mgbrgical domain

This strategy begins from the observation of thrgeon
in its real environment. The loop numbered 1 isl@xred
in the next section and allows a better definitafnthe

client needs and goals by its integration in ttégs. The
second loop concerns the design and the test ttppes
during scenario. This specific work of creating and
playing scenario will be describe later

B. The surgical application domain

Our aim is to apply the PD methodology in the stabi
domain, to propose new surgical tools adapted & th
requirement of MIS.

For the detection and the analysis of the surgemu$
we have to understand the surgical operation, thedsg
and use of the target user in its real environment.

In the specific surgical application studied, a
particular lumbar fracture is caused by 50% ofgbeous
sport accidents (falls of motorbike, ski, parapets.).
Currently, the "classical" lumbar arthrodesis ofiera
(placed an implant on the L1 vertebra) is carried loy
tools introduced against the patient's back thrau@scm
large incision. It is a heavy surgical operatiomsisting
in reforming the vertebra fractured, while having
beforehand repositioned the adjacent vertebrae théhr
origin positions - the post operative consequeacesery
handicapping.

Following this observation, the surgeon has expladin
his need concerning the use of minimally invasivgyEal
tools.

Fig. 2. Picture of the implant placed on the lumiztebra of the patient

C. First step of the PD methodology: the surgicadds

Videos, pictures, discussions with user, obserwaatio
and classifications of the information have beenedto
collect and to appreciate the usage of the sur@®&8h
Specific diagrams of the current operative procedwith
picture of all the surgical tools used, have beeppsed
and discussed with the specialist.

Through this first step (loop 1 in the figure 1f),hias
been possible for us to discuss with an appropriate
language and to better understand the goals oftiske
"new surgical tools adapted to the requirement ¢$'M
means "new surgical tools and a new operative piuoee
adapted to these tools". Indeed, placing an impanthe
spinal column by multiple little holes requires Hrer
approach than placing it by making a 25cm largésian.
This approach actually doesn't exist and the desipas
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to imagine it (with the user) with consideration thie to design a prototype inspired from another suidical
entire surgical environment. used from femur fracture. It consists of an L-shapa
the surgeon can easily hold in one hand (figurd A tip
Using SBD methodology is then the only one posgibil  of this tool represents the stem which must crbeshree

to test this operative procedure and the assocgategical screw heads.
tools.
In the next sections, we explain our choices caringr The associate operative procedure is thought frioen t

the application of this SBD strategy with the sangeThe realisation of the holes to the final placement toé
installation of a scenario needs lots of prepamatio implant on the vertebrae.

especially in the medical domain. The difficulty resides in the fact that there is\isibility
inside the human body during all this new establish

V. Proposition of a Scenario-Based Design procedure operative procedure. The precise placement of thesh

in the surgical domain (located compared to the vertebrae) depends of the

knowledge and the experience of the surgeon. The
delicate insertion of the screws through the skinscles

and grease, without damages caused to the patient,
requires the design of complementary surgical tools

The second loop of the diagram proposed in figure 2
concerns the test of prototypes and operative proeein
real environment. Prototypes simulate the userfate,
they are used to select alternative designs andvenc
problems [16]. A prototype’s fidelity, or resembtento a
working device, is determined by its physical and/o
conceptual attributes. If installation, control ad$play
layout, or manual operation (e.g., of surgical $p@lre of
special interest, mock-ups should be used for physi
simulations, or “playing”. Users can perform the
procedural steps to confirm or repudiate the design
layout details.

A. The design of prototype and associated operative
procedure

As we have explained in ti&ection IV.G some specific
diagrams of the current operative procedure hawen be
written in collaboration with the user. Startingrn this
diagram, we have identified specific heavy surgimels
where the surgeon uses "classical" surgical tobles
operative part of the complete operative procednust B. Scenario preparation
be modified and adapted to the new surgical tools
proposed.

Currently, implant represented in figure 3 is s@ u
through a 25cm large incision. That is why the netam
can be "easily" inserted in the three screw heads.

Fig. 4. Picture of the first surgical tool protogyp

Healthcare professionals are the ones that canderov
scenarios and checking them for realism and acgurac

The surgical tools must be tested under condittbas
are as realistic as possible.

Depending on resources and the nature of the dest,
modest usability laboratory may suffice. A limitetility
might consist of a room containing a table, chairs,
electrical outlets, and adequate lighting. An iasiagly
elaborate setup would include a one-way mirror,
observation room, video camera(s), adjustable ihight
tape player for noise presentation, an automatdd- da
logging system, a microphone, and other medical
equipment. Finally, testing in medical facilitiesanother
possibility but participants should be remindedt tihas
the device, not themselves, being tested.

Fig. 3. Picture of on part of the current implaktqed on the lumbar In the case of small, iterative, prototype evalwasi
vertebra of the patient conducted throughout development, two or three

participants per test may be sufficient [16]. Enygles
In MIS, the multiple holes don't allow this "simple  such as clinical staff may be used, although regpkase
action. In agreement with the surgeon, it has loemided of the same individuals can bias the findings. Full
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usability tests require larger samples drawn diyeftom
the user population. If a device is intended fofamly

homogenous population, data obtained with about 10

individuals' representative of that population mbg
sufficient to eliminate most problems.

To write a scenario, it is necessary to describeain
simple language the interaction which needs irastah.
It is important to put of references to technologxcept
when technology represents a constraint of desigichw
must be represented [12]. It is thus always necgdsa
have the scenario read again by a user to be lsarét is
representative of the real world in which he evelve

In agreement with the surgeon, we have decide@dmb
the scenario at a certain stage of the new edballis
operational procedure. Then the scenario makessgiple
to mainly test the prototype of tool proposed (feyd).

The decision of SBD and the specific scenario iegph
particular preparation of a mannequin which represe
the patient. Due to this specific surgical operatithe
mannequin must integrate a fractured column andtdue

the scenario prepared, the surgeon has to prelignina

placed three screws in three vertebral pediclgsidi 5).

To recover a maximum of information at the endhié t
experiment, instructions were clearly notified thet
surgeon. Frontal and general video cameras andceo mi
tie were installed to clearly observe the user @oord its
remarks.

Fig. 5. Preliminary placement of three screws irielzral pedicles by the
surgeon

C. Course of the scenario

Even without a patient, performance testing in thealre
facilities adds substantial realism. We had thesibd#y
to test the proposed surgical tool during scendiiectly
in the operating room. Under these ideal conditidhs
surgeon had the opportunity to use all the equigsen
which are usually used during surgical intervergioHe
could use the radiographic images to see the ymdon
the mannequin (3D location and orientation). lrufigy6,

the surgeon is manipulating the prototype and loglait
its photographic images in the monitor.

D. Results analysis and improvement of the scenario
condition

Thanks to the information collection equipment atisd
in the operating room, a large part of the worksisis in
organising and analyzing the recovered data. Skvera
improvements were considered, mainly starting fitbie
films and the speech recorded during the scenario.

e
R N

Fig. 6. Surgeon manipulates the prototype duriegsttenario

This scenario informs us about the user manipulataf
the prototype. As a result of this experimentsipossible
to observe how the surgeon apprehends and hanelle th
surgical tool compared to the comments he had bdfa
experimented scenario.

Thus, by usingrhe Observer XBoftware [18] with the
video films recorded, it is possible to classify #ie
events by the definitions ofsubjects actions and
modifiers It is clear that the configuration of this soft@a
is directly in link with the scenario proposed atite
objectives wanted. Tanks to this analysis, it iseieample
possible to isolate all the sequences where thgesuaris
using the prototype while he is watching on the itoon

Following this first scenario, we can underline

parameters to be modified to make it more effective

« the positions of the video cameras and the mico ti
are relatively optimum and will be certainly thersa
for the next scenarios,
we detect (based on a qualitative assessment) bad
choices of materials for the design of the manngqui
in particular with regard to the matter representime
muscles in the back of the patient,
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the designed tool is compatible with the guidance References

equipment used during the surgical
(radiographies for 3D location and orientation),
the first designed prototype meets the princip&dse

expressed by the user, but it has to be more &dish

and used in complement with other tools for thereit
scenarios proposed,

finally, a more precise scenario and more targeted
specific action of the user will enable us to refiour
research on a particular requirement of the surgeon

V. Conclusion

In this study, our aim is to improve the processigie
with a better integration of the user. The research
concerning "Participatory Design" and "Scenariod®hs
Design" show us the advantage of these methodalogie

Many authors in the literature explain that PD josgs
to associate the users in the design process, @s &0
possible in the beginning of the project, with grenciple
that they know what they need, but that they can bhve

innovative ideas.

SBD methodology is defining by a person who makes
things in a certain context. Using scenarios dudagign
ensure that all participants understand and agrethe
and to specify exactly what

design parameters,
interactions the system must support.

The first step of our study was to identify the deeand
the goals of the surgeon. Due to observationssirrasl
environment and discussions with users, the coirius
was the design of "new surgical tools adapted ® th
requirement of MIS associated with a new operative

procedure adapted to these tools".

Currently, the experimental part of our study iageld in
concerning the
improvement of the prototype proposed with the redfip
the scenarios developedhe Observer XBoftware will
allow us to better understand how the user expselsise
needs and his reaction concerning the use of thietype

the second loop of the figure 1,

during the scenarios.

The future work concerns more specifically the
observation of the current design process in thestry.
Then, it consists in a more precise analysis ofatters'
chain and the tools which support the communicadiod

needs expressions.

This analysis will allow the evaluation of the risknd
the reasons of the differences between the surgeeds
and what the tools currently uoffer. It will be pdde to
propose methods, tools and a new process orgamsati

only after identifications of the actors and theiles.

Questions concerning methods, tools and organisatio
supporting the process design will be exploredutagpsrt
the expression of this need with the aim of indreashe
point of view of the surgeon during the designhaf tools

by integrating the UCD and the SBD methodologies.
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