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Summary: The considerations about developing a model obvations management in
life cycle of surgical instruments was descritvedhe article. The proposed research aims
at gaining a new knowledge in the discipline of durection Engineering in the field of
innovation management methodology in a participatgproach to product life cycle, the
specific example of surgical instruments, includsgarch a methodology to assess the
effectiveness of the life cycle of the product ermtis of: knowledge management and
capacity to pro-innovation activities.
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1. Introduction

The article aims at presenting the main assumptimingesearch on developing a
methodological basis for knowledge-based innovatisanagement in théfe cycle of
surgical instruments (LC-SI) including participatory approaches.

The proposed studies are part of the demands sbydhbe Polish Academy of Sciences
and included in the expert, etitle@®an i perspektywy badasi naukowych w obszarze
inzynierii produkcji w Polsce (Status and Prospects of Research in the Area of Production
Engineering in Poland - translation mine). The need for research on pheblems
manufacturing support has been highlighted. Thélpros, next to the construction and
manufacturing processes, are a fundamental, hovstileunrecognized in scentific area,
the pillar of the innovative economy. Among the poted manufactoring problems
increasing intangible costs should be mentioneddcated with the acquisition and
processing of information required for design, nfanturing, operating and marketing
processes, especially of such information, whiah lsa translated into value creation and
innovation management.

A branch in which innovation is one of the most ortant elements affecting the
viability and profitability is the medical sectoogether with the manufacture of surgical
instruments. New surgical techniques, greater avesm® of ergonomics and end-users
requirements are forcing manufacturers to takeagiro-innovation-oriented search mode
participatory design solutions and new approacleesigésign based on the so-called
"customization”, i.e. adapting the product to tleeds of the end-users. One should bear in
mind that the tools must be adjusted to the needpeedispositions of the surgeon as well
as of the patient. These predispositions are blade the psychosomatic features in
particular.

Taking into consideration such an approach as wasllthe need to improve the
rationality and effectiveness of the product lifgcle, it is necessary to determine the
methodological basis of studying the flow of infation, knowledge transfer and
communication between participants in the cycleluiding end-users. Developing a model
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of innovation management will enable providing aibgor practical application by the
company by identifying mechanisms to support tansif knowledge and a way of
communication with the given, often dispersed paréints in the cycle, indicating factors,
including the technologies and methods of detemgirthe formation of innovation in the
cycle, from designing the product to its explotatithus, making a framework for creating
innovation and building competitive advantage.

The results of previous studies conducted at thgtiiie of Production Engineering [1-
3] seem to confirm the validity of the assumptiarfis the research. This is because they
indicated the following problem areas:

- the lack of adjustment of technical-usable and moguc parameters of surgical

instruments to the features and abilities of thersigsurgeons, scrub nurses),

- high level of surgical instruments differentiatioesulting from variety of surgical
operations. Every type of surgical operation reggirapplication of other
instrumentation set (e.g. arthroplasty of knee tjonequires other set of
instrumentation than arthroplasty of hip joint, slu®r joint, elbow joint etc.),

— complex structure of surgical instruments requirpegformance of assembly and
disassembly activities during the surgical operatieery often in stress-inducing
conditions,

- the lack of adjustment of the content of user gumlehe needs and perception
capabilities of users,

— the user guide is in English only,

- the insufficient number of training in area of wgithe surgical instruments (a low
amount of training courses is the results of notetiin a SIWZ documentation
(specification of the crucial conditions of the ery

- limited possibility of exercising using the surdidgastruments by staff in view of
sterilization procedures,

- the gaps or lack of knowledge transfer betweerigyaants in the product life cycle,

- frequent exchange of equipment resulting from sfitvéss for use lasting usually
one year. Due to specificity of public procuremprbcess the new set may vary
from the previous one because of changing the raatwer whose product was
chosen by tender.

With respect to the issues identified above, itespp advisable to implement of such
innovations in the product life cycle, which wowddpport the process of effective creating
the skills of medical staff in the area of usingldrandling of surgical instruments. The
development of supporting tools for the procesddctne created at an early stage of the
cycle through the preparation of training materisdsed on computer simulations. Such
materials, in turn, could also be the base fordbeelopment of marketing innovations
based on virtual technologies. The realizationumhsassumptions forces to undertake the
research on modelling the transfer of knowledge wagls of communication throughout
the product life cycle.

Another aspect of this problem is a new approacheaith care units to the public
procurement issues and elaborating the SIWZ. Theehpge process should be so
redesigned and the way of elaborating the SIWZ Ishbe so changed, that the new-
purchased equipment would be accordance with rigttba lowest price, but also with the
needs of end-users, i.e. medical staff and patients
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2. Product life cycle management — a literature reew

The problem of innovation management in such sppeaita, which is the life cycle of
surgical instrumentds a new problemnot only in Poland but in the world. It is refledt
in the literature reports, pointing to the defioftresearch in the field of medical device
development [4]. The available literature sourcesmf the area of designing medical
devices highlight the need to consider the ergonomeieds of future users, substantive
environmental conditions and patient safety in hacess [5], the standards of designing
based on the safety using the medical devices Asasvbuman factor design approach [6-
10].

The literature highlights the need to developing thechanisms which are verified in
practice and the methods of cooperation betweeinthestry and the health sector in the
area of creating innovative products taking intocamt ergonomic principles as a priority
[4]. One of the symptoms of such an ergonomic apghwois designing with using
electromyography method (EMG). In the research ootetl by Wu et al. [11] the EMG
method was used to assessment of muscle tensiorgdbe surgical activities with using
the four variants of one type of surgical instruing@nscalpel) and the choice of the optimal
variant. But, apart from the EMG method it was useaddition: a questionnaire and a
scientific staging with the left and right handeserts who used the each scalpels variant
and special phantoms.

It should be noted that the research concernednteuments that have already been
produced and used in practice, and such resultdeamsed as a guide for designing the
instruments in the future. The research challesg® idevelop a method of validation of
surgical instruments in the design, not in the eitation phase.

Generally, the subject matter of the product dgu@lent methodology is present in the
literature. There are indicated four kinds of pradmodelling methodologies: solid product
modelling, feature-based product modelling, knogkthased product modelling and
integrated product modelling but the perspectives ariented in research into inter alia
how to use the knowledge to support product dddigh

According to Buckle P. et al. it is necessary ta@amage the industry to an user-
oriented design. The encouragement must go hahdnd with building robust scientific
methods, which support innovative designing devalept, and increasing competitiveness
[5].

The way of customization the product to the end-useds can be treated individually
by designing and producing a product for a spedifitividual user. Such approach is
important and has already been implemented inigirathe prothesis industry [12, 13].

We can find in the literature many articles dedsodbresearches related with product
lifecycle management, as a management systemefetdted entities and processes. It is
noted, that in order to manage life cycle prodacid for actors involved in the life cycle to
collaborate efficiently, life cycle products shouidst be modelled. It was conducted a
research under the™6Framework Programme, Project Promise - Produceclifle
Management and Information Tracking Using Smart Edaded Systems, which goal was
to develop an appropriate technology of products;called Embedded Devices
Information, which enable to collect informationrdbighout the life cycle and thus to
optimize the cycle. The attention was drawn to mlper of traditional modelling methods,
classifying them into two categories: enterprisedeiling methodologies and product life
cycle modelling [14]. The proposed new approachcilless the behaviour of whole
product life cycle objects: product, process argbuece. The models need to be designed
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in such a way so that they are capable of showemipus perspectives relevant to the
situation concerned, thus permitting alternativeodpict configurations and their

development possibilities to be evaluated [14]. Phesented model of the product life
cycle relates to the products with a high degremadularity. Hence, a large attention was
dedicated to the issues of optimization of the nacturing and recycling processes.

Meanwhile, the proposed in the article researchigss at drawing the attention to the
issue of adjustment the product to the end-usedsneed the disclosure of innovative
activities in this area. It is justified by the fahat the selection of materials and method of
the disposal is standardized in the medical seGtoe. mentioned customization of product
is based on the mechanisms of knowledge managei®eah an issue in the creation of
innovative products is described in the literafli® 16].

In the next approach to the subject matter it dBciated a new paradigm of life product
management in industrial manufacturing which is:onder to add value and maximize
utilization, products are linked in the manufactig@etwork from beginning to end. Such
paradigm needs new methods, tools and technologgésed on information and
communications systems [17]. An example of a systemich fulfils the mentioned
assumptions of the paradigm is KCModel (knowledgefiguration manager) proposed by
Badin et al. dedicated to knowledge configuratiomnagement applied to design projects
[18]. The KCModel ensures the coherence of inforomaé.g. the same parameter value is
used in several expert models, through severalygtodiesign activities in a collaborative
engineering context.

Much research are also dedicated to the particasgects of the methodology for
knowledge management in product life cycle. Theeaesh undertaken in this area are
related to supporting knowledge management abootyst based on methods of
documenting the life of the product for the autaoratof the design process [19-21]; the
participatory design methods [22, 23], includingtinoels based on web technologies [24]
as well as on contextual inquiry method/contexiiagervation (CI) [4] or on boundary
objects [25]. The difficulties in the area of acgjtion of usable knowledge in the design
process of medical devices were identified. Thaffedties largely stem from a lack of
the effective mechanisms of obtaining the impléit tacit knowledge [26] which concern
the difficulties with articulate the manners of cgténs, especially on the line the medical
staff - the patient.

However, it was indicated that the participatoryprach to design, and thus, the
gaining difficult to codify expertise, can be supged by heuristic methods, such as focus
group [23] or delphi technique [27].

As the initial research showed, a crucial elemdrdroinnovative approach to product
lifecycle management is to predict the respecifeeclycle phases, taking into account such
aspects as: technical-usable, economic, safety emgdnomics, and also reaction and
anticipation of the consequences in case of anpgdmin the cycle. The effectiveness of
these measures depends largely on the degree pEration and linkages between the
R&D sector, which develops innovative methods adduct lifecycle management, the
industry sector, which initiates and implements #wdutions and the end-users, who
indicate specific needs. The way to strengtherrékationships is to increase and improve
the transfer of knowledge which is capable on the lvand to develop innovative solutions,
and on the other hand, to absorb them. Such aroiwraprent of transfer of knowledge takes
place in particular by increasing the capacity @hmunication between the participants of
the cycle. At present, the participants of varistagyes of product life cycle use a language,
which is appropriate to their specialization, conting technical language with the
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language of financial or marketing, or, in this esasf end-users - the medical language.
Such situation causes the communication gaps, wbicttern of both the cooperating
autonomous companies and even the units from aditg f28].

The need for improvement of communication formgha product life cycle is also
indicated in the recent literature, including i®]2

3. Methodology

The literature indicates, that product life cydedivided in three main stages [30]:
— 1st stage - Begin-of-life (BOL), which encompaspesduct design to production
stage;
- 2nd stage - Middle-of-Life (MOL), which encompasaesage and maintenance
stage;
- 3rd stage - End-of-Life (EOL), which encompassesdisposal/recycle stage.
Based on the basic structure of the product lifdecyhe decomposition of the specific
phases was performed (Fig. 1). The decompositienbegome, in turn, the basis for the
formulation of research methodology aimed at deyielp a model of innovation
management in the life cycle of surgical instrunsent
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Fig. 1. Expanded diagram of the life cycle of soafjinstruments
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The presented diagram includes such elementaryephashich are essential to
undertaking participatory approach and / or crgatimovations in managing the life cycle
of surgical instruments. The specific phases dteviing:

- BOL: Ergonomic design ED, Prototyping/Testing PTamMfacturing MA,

- MOL: Marketing MK, Sale/Purchase SP, Usage/Maintera UM,

Services/Trainings ST

- EOL: Reusing RE, Disposal/Recycling DR.

In this context, each phase has been describeductaway that lead to the developing
the mentioned above research methodology (seé fab.

Apart from mentioned phases there is one speciaghwhich is especially important
for all main stages: Needs identification NI.

Tab. 1. Description of elementary stages

Elementary

stage Description
NI The needs resulting from the specific surgical pdutes, trends, existing
innovative solutions, environmental issues, etc.
ED Designing surgical instruments taking into accdwmhan factors
approach
PT Application of rapid prototyping tools to testingdasimulating the
operations with using them
MA Production of surgical instruments, including tlse of virtualization
techniques to computer-aided design of producgghriology
MK Actions for promoting the surgical instruments mtearly stage of the
cycle based on virtualization technologies
SP Purchase / sale transactions having regard torteipement process,

including preparation of SIWZ (specification prdeiss of crucial
ordering conditions)

ST The additional services, such as: mechanisms frghinformation
about the surgical instruments; trainings basethermechanisms of
knowledge management in the area of using andcsegyiwhich are
available to medical personnel in the mobile wasailable during the
work processes in contextual situations) and statipway; regeneration
and investigation of their properties etc.

UM Based on knowledge management mechanisms for supptive

processes of using surgical instruments accoraingténded the purpose
and function as well as maintaining the usableability of instruments

RE The utilization of the instruments after the withaal from the active use
during surgical procedures to the activities ofigieisg and testing new
solutions

DR Removal of instruments in accordance with applieabbulations and

taking into account environmental aspects

The processes, which are common to all mentionewitées, are the processes of
acquisition and application of appropriate knowkedgsources (marked as KN_xx on the
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Fig. 1) and the transfer of knowledge between #r#igipants of the cycle. The problem for
effective implementation of these processes iglihersity of both phases and tasks (within
specific phase) as well as the diversity of pagptats in the cycle in terms of
specializations, competences and geographicalizatiain. Such an approach to the taken
issues forces the targeting considerations to ésmpédknowledge management, including
management of explicit, tacit and implicit knowled{81], as the basis for creating the
innovation in product life cycle. This area alsolutes reflections on the use of appropriate
and modern ICT technologies (information and comigation technologies).

An approach to based on knowledge product life eysl called as the Product Life
Cycle Knowledge (PLK) in the literature. It is defd as the combination of knowledge
about a product across its life time and the kndgdeabout all processes controlling the
product life cycle or as a kind of fusion of hetgeaeous knowledge about the structure,
the functions, the life cycle processes, and theraipnal environment having impact on
the product life cycle [29].

Taking into account the research area describegealibis proposed four complex
tasks that are the parts of the methodology:

— 1st Task: Identification and analysis of variantd®ls of the product life cycle.

— 2nd Task: Examination of the impact of modern infation technologies IT and
information - communication technologies ICT onamation management in the
life cycle product.

— 3rd Task: Development of a model for knowledge ngangent in product life
cycle.

—  4th Task: Development and verification of a modaelihnovation management in
the LC-SI.

The performance of the indicated tasks aims atieegunew knowledge, which will be
the basis for the development of a model of inniovatmanagement in the life cycle of
surgical instruments. Table 2 shows the specificatf the identified tasks, together with
the expected results in the form of specific knalgle resources.

Tab. 2. Description of tasks and the results inhodology of creating a model of
knowledge-based innovation management in the Yifdecof surgical instruments

Task Description of task New knowledge about:

1.1 Identification of the number of participants irelif
cycle of surgical instruments LC-SI variants anc
analysis of their structure and the competences . . .
e information gaps in the cycle,

1.2 Examination of the degree of the geographical their causes and effects
dispersion of participants in the LC-Sl variants . communication problems

1st 1.3 Identification and analysis of communication (knowledge transfer), their causes
Task forms between certain participants in the LC-SI and effects
variants * bottlenecks affecting the length
1.4 Identification and analysis of the types of and course of the cycle
information resources to be exchanged between ¢ best and bad practices in the
specific participants cycle management
1.5 Identification and comparative analysis of the
duration of the LC-SI variants
ond 2.1 Examination of the use of virtual technologies a *+ a methodology for designing
Task ergonomic methods in an innovative approach t surgical instruments including

participatory design of surgical instruments participatory approaches,
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2.2 Examination of the usefulness of IT and ICT » the determinants of innovation in
technologies in shaping product, operational an: the product life cycle, taking into
marketing innovations taking into account, in account the different stages of the
particular, automatic identification of data cycle,
technology and rapid prototyping technology e an impact of innovative solutions

in a given stage of the behaviour
of the entire cycle

3.1 Preparing the specifications of strategic
information resources in innovation managemer
in the LC-SI

3.2 Elaboration and analysis of variant forms of . )
notation of information adjusted to the needs of * the possibilities of applying
individual participants in the LC-SI knowledge management

3.3 Identification and analysis of the repetitive mechanisms to improve product

3rd elements of knowledge in the management of the life _cycle,
Task LC-S| » animpact of knowledge
) management to support the pro-
3.4 Evaluation of the usefulness of modern ICT innovation activities in the
technologies in transfer of knowledge in the cycle  product life cycle
with particular emphasis on participatory
approaches in the design
3.5 Development of a formal method for notation of
knowledge management model in LC-SI
4.1 Development of a formal methodology for « the methodological foundations
notation of innovation management in the LC-SI for the research and development
4.2 Elaboration of the mode of model verification of Ic-ig‘:f-& In Itermls Off 'nnov?ﬂqn
4.3 Development of guidelines for evaluating and §f¢ tf:eectscr:llte evels of complexity
Bt ofhe behaviu e roduct e 6+t methocolagies o notaon
itv to th T tg i ? and verification of multi-
4th capacity to the pro-innovation activities dimensional model of innovation

Task management in the LC-SI
< the methodologies for conducting

the product life cycle assessment
and the capable for the prediction
of the behaviour of cycle in terms
of: knowledge management and
capacity to pro-innovation
activities

The whole research has been assigned to the two stajes: preliminary research,
which has diagnostic nature and basic researchdatmeleveloping and next verifying a
model of innovation management in the life cyclesofgical instruments. Both stages will
be supplied by carefully selected tools and researethods (Fig.2). They are located into
two groups: methods of gathering the research imhtand Methods of analysis and
elaboration of the results of preliminary the reska
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PRELIMINARY RESEARCH

1st Task
Identification and analysis of variant
models of the product life cycle Methods of gathering the research material:
¢ monographic method (including case study)
2nd Task — 5 < diagnostic survey
Examination of the impact of * a partially categorized interview
modern information technologies IT o direct observations
and information - c
ommunication technologies ICT on
innovation management in the life
cycle product
BASIC RESEARCH Methods of analysis and elaboration of the results of
preliminary the research:
3rd Task ¢ competence matrix
Development of a model for ® process maps
knowledge management in product * decision tables
life cycle > ° scenario methods
¢ knowledge mapping
4th Task ¢ GIS method
Development and verification of a ¢ ergonomic methods
model for innovation management ¢ tools of descriptive statistics
in the LC-SI * 3D modeling methods, incl. human body modeling
¢ ICT tools

! |

MODEL OF MANAGEMENT OF INNOVATIONS IN LIFE CYCLE OF SURGICAL INSTRUMENTS

Fig. 2. The group of research methods used intbhegt

2. Conclusions

Management of Product Life Cycle focuses on crgatstoring and retrieving data,
information and, ideally, knowledge in throughohe tproduct life cycle, starting from
conceptualization to its destruction or recoverye Burgical instruments are a specific case
of products, where the knowledge about them ha®rbeca crucial feature in proper
treatment processes of patients. Particularly peeific needs of medical staff in area of
using surgical instruments in connection with ugléde ICT technologies are the impulse
for creating innovations in their life cycle.

Summarising, the results of the preliminary reseaned the literature studies seem to
confirm the lack of consistent methodological piiles in managing innovations in
product life cycle. The solution to this probleradiin developing a new approach to design
based on participatory approach and thus creatiagptoduct innovations in the field of
surgical instruments..

The methodology of studying the life cycle of seajiinstruments presented in the
article has a cognitive importance and the resoitsesearch will be the basis for the
development of a model of innovation managemerttiwithe described area.
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