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Abstract: An innovative, design-driven, sustainable approach in 

conceiving, developing, producing, using new materials can be 

effective in strengthening the competiveness and success of creative 

industries linked to manufacturing (e.g., biomedical, architecture, 

automotive, art, crafts, supports for cultural items, decoration, fashion, 

furniture, lighting, interior design materials and products, jewels, 

luxury, media supports, publishing, sport and toys), adding value to 

products and processes also by ‘immaterial’ factors (e.g., trend 

translation, enhanced sensations, values). The vision that the research 

and the advancement of scientific and technological knowledge can be 

driven by the needs of sustainable development of products and goods 

has been revived as a strategy for sustainable development. In the 

evolutionary Design process, creativity determines the mutation of an 

object shape (material or structure morphology) and this triggers an 

evolutionary design that repeatedly involves technological 

development of material, shape and structure. A Biomedical product 

evolutionary design case study based on these principles has been 

specifically addressed to the dissemination and spreading of innovative 

material and technology greener solutions. The use of the evolutionary 

design in the creative medical industry sectors, while adopting 

sustainable and socially responsible approach to reduce energy 

consumption and environmental impact conveys a holistic view of the 

industrial design process in the field of biomedical application. 

 

Keywords: Biomimetic, Creativity, Evolutionary Design, Sustainable 

Development, Innovation 

 

Introduction 

The Authors coordinated research brings together 

relevant activities from different challenges (health and 

wellbeing and raw material resource efficiency) and 

multi-KET (key enabling technologies such as advanced 

materials and biotechnology) leading the proposed 

design and fabrication technologies to industrial 

readiness and maturity for the commercialisation of 

innovative biomimetic systems while facing societal 

challenges with high potential for sustainable 

competitiveness, innovation and growth. 

Innovation means focussing creativity in order to 

invent better or new products, equipment or consumer 

services, increasing the value returned from invested 

capital. Today, manufacturers are aware that innovation 

and creativity are key factors in unlocking potential 

development and growth.  

Thus was born the need for the development of 

design professionals who know how to face and 

manage the increasing amount of technological 

innovation that scientific research offers us today. 

Already in the years 20-30 László Moholy-Nagy 

addressed the problematic relationship between Design 

and Innovation in the experimental laboratories of the 

Bauhaus "... organise perceptions that become 

progressively confused due to the very fast transformation 

of the industrial society ..." (Borchardt-Hume, 2006; 

Fiedler, 2001; Molderings et al., 2009).  

This concept is more than valid in our times where 

technological innovation is running faster than ever. 
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Companies attempt to expand their markets, in which 

competition is becoming ever more global and therefore 

innovation represents a crucial strategic element that can 

contribute to success (Zelenika and Pearce, 2014).  

The process stimulates the economy as a whole 

(Pearce et al., 2012; Pearce, 2012; Perez-Carmona, 

2013): Innovation has been and still it is, the driving 

force propelling progress and economic growth. 

Innovation is developed within companies and it is based 

on the initiative and creativity of managers, designers, 

industrialists and investors. Equally, the development of 

environmental issues in manufacturing is becoming a 

critical component of international business activities 

(Shaker, 2015; Kahle and Gurel-Atay, 2013).  

The success of many new industrial projects is based 

on the timely adoption of environmental approaches in 

company strategy, enabling the anticipation of 

restrictions introduced by standards and a general 

improvement in the management of environmental risks 

linked to industrial operations. Only companies with a 

substantial investment strategy for new product 

development will be able to take part in this market 

sector. In general terms, the redesign of products 

according to eco-compatibility criteria represents a quest 

for sustainable development.  

An important indicator of this market trend consists 

of the formulation of the Dow Jones Sustainability 

Indices, which include all the most "sustainable" 

companies in each industrial sector. Therefore 

sustainable development is not incompatible with 

competitivity: Ecology, design and manufacturing are 

interdisciplinary areas, which together offer a notable 

potential for innovation.  

Innovation, Competitiveness and 

Sustainability: The Role of Designer 

The need for competitiveness and sustainability in the 

world, along with increasingly dynamic and complex 

scientific, industrial and cultural scenarios, require then a 

systemic approach in which research activities support 

the development of coherent, interconnected and eco-

efficient industrial and social systems (Farah, 2015) 

responding to both market and social-cultural needs by: 

 

• Recovering competitiveness in the research and 

industrial patent productivity 

• Improving the quality of research and of industrial 

production in the industrial developing countries 

• Promoting the transition from a resource-intensive 

to sustainable, knowledge-intensive materials and 

processes 

 

Sustainability is the system's ability to survive by 

means of the optimal use of environmental resources 

(Magee et al., 2013). Taking our human evolution as an 

example, we can state that, at present, we are a race 

moving towards extinction, far faster than dinosaurs, 

because our systems of life and product manufacturing 

are not sustainable. 

The designer has an important role in this scenario, 

because he is responsible for the definition of 

everyday objects. Any useful object (a medical device 

as well as a chair, table, car, ski, shoe or other) is 

based on design and design requires to conceptually 

work on materials, processing technology, visual 

effects and colour. The concept of maximize 

sustainability puts the designer into a difficult ethical 

situation: He has to decide which material or technology 

to use for every new application and so he is directly 

responsible for the increase in consumption of many 

non-renewable resources, either raw materials and 

energy while guaranty the commercial success of its 

product (Hazeltine and Bull, 1999; Akubue, 2011).  

It is, therefore, important to examine aspects of 

processes and product, because the viewpoint offered by 

this type of approach considers all the factors connected 

to the creation of a sustainable product and not just its 

physical behaviour.  

Evolutionary Design through Innovation 

Knowledge of innovation and the principles 

governing it are key factors to the success and survival 

of the innovating entity (a new product or a service). 

The literature fails in giving clear definition of 

innovation. Any research achievement by itself should 

not considered innovation in fact, even if researchers 

have speculated potential development for their 

inventions, only few may be considered true innovations 

(Cohen and Winn, 2007). It has to be recognising, 

indeed, that innovation could be driven by non-

technological factors such are creativity, design and new 

business models.  

The difference between invention and innovation 

resides in the fact that the first can occur in a specific 

(scientific or industrial) environment, while innovation 

implies acceptance by the market and it is here that 

industrial design could play a critical role.  

Though still often associated solely with aesthetics, 

the application of design is much broader and it is 

increasingly recognized as a key discipline to bring ideas 

to the market, transforming them into user-friendly and 

appealing products or services. 

These basic concepts of competitiveness and 

sustainability could be strictly derived from Life 

evolution model. Life, which is the biological expression 

of sustainable growth, has developed by means of 

evolutional competition path between species generated 

by fortuitous mutations in a changing environment. As in 

Nature happens that not all mutations lead to success 

living entities, as it is in product design where not all 



Raffaella Aversa et al. / American Journal of Engineering and Applied Sciences 2016, 9 (4): 1027.1036 

DOI: 10.3844/ajeassp.2016.1027.1036 

 

1029 

research achievements give rise to product innovation 

(this is the reason why often the traditional approach to 

technology transfer fails in generating innovation). 

From an evolutionary point of view, product 

innovation has to be considered like a living entity 

evolution where research achievements are equivalent to 

chaotic and stochastic mutations and that Chaos leads to 

Evolution as well as Creativity leads to Sustainable 

products as a result of a series of events and mutations 

that are generated during an adaptive design path. 

A dynamical instability, a condition first exposed by 

Poincaré (1905) that mentions to an inherent lack of 

predictability in some physical systems.  

But which creative and technological adaptive design 

process is involved in the identification of a sustainable 

product? Should we apply a systematic, as several design 

methods describe, or a more dynamic systemic 

approach? 

 

Systematic approach: The least complex 

systems are natural systems that are not 

organic, those that cybernetic call "trivial 

machines"; crystals, clouds, rivers, 

elementary particles and entire galaxies 

(lifeless) fall into this category, as well as all 

the artificial devices completely describable 

in terms of inputs/outputs. These systems do 

not show the least complex adaptive 

interactions with the environment; 

Systemic approach: Complex systems 

(medium to high complexity) are all systems 

of the biosphere, from bacteria to the human 

population. Complex systems are adaptive 

and all of them are associated with the so-

called emergent phenomena (life, mind, social 

organization, etc.). Complex systems in their 

evolutionary path are therefore always far 

from equilibrium and move in a space of 

infinite behavioural possibilities. 
 

Results and Discussion 

Our theory is exploring through a systemic 

approach this novel area of innovation, in search of 

suitable solutions for new developments to be exploited 

for industrial applications, by facing constraints and 

opportunities for new technological developments 

using specific software tools to model reality (Artificial 

Intelligence) from structural to life cycle aspects, 

processing, visualization, marketing and others in an 

integrated design process testing their fitness 

(integrated design method). 

The new concept underlined by our vision of 

Evolutionary design is the approach to research (for new 

material and technologies) and design development 

through their natural parallel adaptive evolution and 

selection, driven by the different aspects of the complex 

nature of sustainability.  

Each year sees an ever-increasing number of 

researchers from diverse disciplines entering the field 

of Nano and advanced new materials and an 

increasing breadth of novel ideas and exciting new 

opportunities exploding on the international 

nanostructured material scene.  

The intersections between these various disciplines 

are where much of the novel activity resides: 

Nanotechnologies, sustainable development and 

industrial design define a wide intersection area carrying 

great potential for the application of true innovations 

such as smart and multifunctional nanostructured 

materials, 3D metal printing industrial processes, 

structural colours and many others.  

Creativity and Innovation in the Evolutionary 

Design Approach 

If we consider living organisms, we see that they 

have developed according to functions to create complex 

systems, within which it is not an individual function 

that is privileged, but rather the entire system. Therefore, 

every component has to be correctly integrated within 

environment (our ecosystem): By ecosystem, we are not 

referring just on physical environment but to society 

itself where social development and economics are an 

inseparable part of it. Ecology, economy, design, 

marketing and manufacturing are interdisciplinary 

sectors that are not in mutual opposition: They offer a 

fertile terrain with notable development opportunities.  

As we mentioned earlier, the combination of design 

with research in these fields can produce many ideas and 

innovations, particularly when ecology is more correctly 

intended in terms of sustainability. Most products 

designed today end up in the rubbish tip and this is a 

waste of raw materials and non-renewable energy 

sources: Often this fact is not considered or even 

recognised by the individuals responsible for this waste, 

namely manufacturers and designers. As the 

manufacturer's responsibility should extend beyond the 

moment of sale, right through to the disposal of an 

object, in the same way, the designer responsibility in his 

creative duty, should account that he is about to borrow 

valuable resources and it is influencing the 

environmental impact of its product in term of human 

lives lost and quality of life.  

Designer should give careful consideration three 

elements: 

 

• Materials: Often, excess material is used to correct 

errors of structure or form 

• Shape: The shape may have to be modified 

following the use of a certain material or structure 

and as a result it may not be the original one 
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• Structure: Structural elements or structural solutions 

may be added to correct problems in material or shape 

 

Natural systems performing structural functions (a 

tree, the wings of a dragon fly, etc.) demonstrate a 

balance between these three elements, with a rational 

use of materials, minimizing the resources used 

(energy and materials). In order to manufacture 

something that is not just successful but also 

sustainable in environmental, social and cultural 

terms, we should mimic the processes that can be seen 

in nature's development of living organisms.  

This is a process of system evolution where design is 

initially pure form and a moment of creation: The 

resulting form does not possess its own inherent logic or 

significance. Nature is rife in imagination and creativity, 

produced by the chaos and evolving mutations that 

generate millions of different living forms. The driving 

force behind the creation of new organisms and, on the 

part of the designer, new objects, is linked to the 

sustainable development of the system.  

The creative process should begin with an 

unconstrained stage that defines the shape, expressing 

the designer's sensation of an object possessing a certain 

function: It continues with function refinement, 

developing an object that is the best possible at 

performing that function. This approach can be described 

as evolutionary design.  

The evolutionary design process takes a spiral 

path, in which materials, forms and structure interact 

to evolve to a specific integrated solution under the 

driving force of a target function and the constrains of 

the specific scenario. 

The material that is chosen (it could be one of the 

components of a complex system) is a part of the 

process linked to one or more functions so that not 

just one solution, but rather a whole series of design 

ideas, are combined. 

In design, it is wrong to be obsessed with a single 

idea trying to develop it obstinately: This may result in a 

linear process where technological solutions are 

continuously added one over the other.  

Designer should always work on a series of 

alternative ideas in order to be both creative and to end 

up with a successful and sustainable solution. Each of 

these alternatives, in the context of successive 

development stages, is subject to certain technical and 

contextual constrains. 

Coming back to the parallel of life evolution, this 

evidence comes from the history of the origin of 

species. Consider the example of dinosaurs and 

mammals: Under certain unperturbed and stabilised 

conditions, the dinosaurs dominated the environment 

and, apparently, there were not successful alternative 

to them since evolution had moved in that direction in 

millions of years. Nature, however, did not 

extinguished all other forms of life that continued to 

evolve, even when their probabilities of survival were 

very small. But, when a perturbation occurred in the 

system, something of unexpected and highly 

improbable such as a big meteorite hitting our Planet 

may be, this occurrence has changed the surrounding 

conditions finally leading to the extinction of 

dinosaurs (that were characterized by a weakness in 

their thermal regulatory system) and to the flourishing 

of mammals that demonstrated to be able to survive in 

a wider range of environmental conditions. 

Starting from this natural evolutionary example we 

can state that, when searching design innovations of 

complex systems, what is important is the balance of two 

conflicting goals: Exploiting good solutions and 

exploring the research space. 

 

Mimicking mechanism of the natural 

evolution, where a biological population 

evolves over generations to adapt to an 

environment by selection, crossover and 

mutation, we should evaluate fitness of an 

objective function value of a design candidate 

and of design variables, during the creation 

process itself (Apicella, 2008). 

 

Namely, the designer may develop several ideas in 

the process of product design and, as the system 

becomes more specialised, a series of Artificial 

intelligence tools can be used to verify the strength of the 

design and its possibility of survival (integrated design).  

Today everything can be readily simulated by 

Artificial Intelligence either car crash passenger 

behaviour or an outcome of an injection moulding 

process. This continuously improving the “in silico” 

human synthetic calculation capability shortens the 

decisional time for the evaluation of the robustness of 

a design idea (Apicella et al., 2010; Aversa et al., 

2009; 2016a; 206b; 2016c;  Sorrentino et al., 2009; 

Syed et al., 2016). 

In this new scenario, the designer creative path is 

completely altered and includes the work in 

multidisciplinary team. The team's roles involve the 

evaluation of social aspects, technological factors, life 

cycle analysis for the determination of environmental 

impact and the calculation of structural performance. 

The correct selection of materials requires an 

understanding of the relationships existing between 

structure and properties. Therefore, materials have to be 

used in a correct and appropriate way, in accordance 

with the natural characteristic of the material that can be 

exploited and enhanced.  

How can such concepts be applied to the development 

of new products? The evolutionary approach to this 
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problem (Fig. 1) makes it possible to achieve new features 

capable of improving the system as a whole. 

An Evolutionary Design Biomedical Case Study: 

Biomechanics and Biomimetics to Foster advanced 

Materials and Technologies Potentials  

Bone implants are expected to serve for much longer 

period or until lifetime without failure or revision 

surgery (Burnstein et al., 1976; Oh and Harris, 1976; 

Rohlmann et al., 1982; Reilly and Burstein 1974;    

Reilly and Burnestain, 1975). Thus, design and 

development of appropriate combination of material and 

prosthetic systems with high longevity and improved 

biocompatibility is highly essential (Ashman et al., 

1984; Ashman and Rho 1988; Kummer, 1986; 

Gottesman and Hashin, 1980; Annunziata et al., 2006; 

Dalstyra et al., 1993). 

Figure 1 shows the design driven path for the 

combined material and product evolutionary 

development. This path is a combination of several 

combined research, industrial and theoretical activities 

(Fig. 2) such as biomimetic new hybrid ceramo-

polymeric material development (Schiraldi et al., 2004; 

Aversa et al., 2016a; 2016b; 2016c; Gramanzini et al., 

2016) (Fig. 3), maximum exploitation of potentialities 

of the additive manufacturing in new production  

(Aversa et al., 2016a) (Fig. 4) and highly non-linear 

biofidel modeling of bone mechanical modeling, in 

silico, in vitro and in vivo tests (Fig. 5) (Aversa et al., 

2009; Apicella et al., 2010). 
 

 
 

Fig. 1. Evolutionary design scheme 

 

 
 

Fig. 2. Cooperative research development in the evolutionary design process in the field of biomedical prostheses 
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Fig. 3. Biomechanical functions of the new ceramo-polymeric hybrid nano-composites application in the development a new 

concept Titanium biomimetic dental implant (Aversa et al., 2016a) 

 

 
 

Fig. 4. Integration and exploitation of the potentialities of the additive manufacturing into the new prostheses design 
 

 
 

Fig. 5. Biomechanics, Biomimetic and Biofidelity cooperative path: An “in silico” tool for new prostheses design 
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Fig. 6. Osteointegrative and osteinductive Biomimetic properties of hybrid ceramo-polymeric nanocomposites in in vivo 

osteointegration tests (Gramanzini et al., 2016) 

 

If an implant fractures due to inadequate strength or 

mismatch in mechanical property between the bone and 

implant, then this is referred to as biomechanical 

incompatibility. The material replaced for bone is 

expected to have an “equivalent stiffness” (combination 

of material elastic modulus and prosthesis shape) 

matching that of bone area where it is implanted. The 

bone modulus varies in the magnitude from 4 to 30 GPa 

depending on the type of the bone and the direction of 

measurement. The current implant materials which have 

higher stiffness than bone, strongly alters the 

physiological bone stress distribution and prevents the 

needed stress being transferred to adjacent bone, 

resulting in bone reabsorption around the implant and 

consequently to implant loosening (Sorrentino et al., 

2007; Beaupre and Hayes, 1985; Carter and Hayes, 

1977; Perillo et al., 2010).  

This biomechanical incompatibility that leads to 

death of bone cells is called as ‘‘stress shielding effect”. 

Thus, a customized material with excellent combination 

of high strength and stiffness matching that of the bone 

has to be used for biomechanical integrated implantation 

to avoid loosening of implants and higher service period 

to avoid revision surgery (Apicella et al., 2010;     

Aversa et al., 2016a; 2016b; 2016c). 

The metal part of the new prosthesis will be made of 

titanium alloy using the Electron Beam Melting (EBM) 

technology. 

This technology is based on the basic principle to 

melt thin layers of metal powder (about 70 microns) one 

after the other until the realization of the desired 

component. 

The biological part of the project (hybrid ceramo 

polymeric material) aims to provide a new type of 

biocompatible and biodegradable material suitable for 

being formed into porous structures such as three-

dimensional scaffold (Petrescu et al., 2015).  

The possible conjugation of biodegradable polyesters 

allows modulating the reabsorption time of the obtained 

hybrid composite materials by prolonging it with respect 

to the reabsorption time of the native collagen. 

The layer of the new prosthesis that will be in contact 

with the bone tissue will be designed in order to increase 

the bone in growth inside the prosthesis to improve its 

encompassing into the bone (Fig. 6).  

The new prosthesis should drastically reduce the wear 

phenomena and should provide a useful life in excess 

(more than 50%) compared to traditional solutions, all 

resulting in a recovery of optimal functionality and 

improving the quality of life of the patient who sees 

drastically declining the risk of operation aiming at the 

replacement of worn prosthesis (revision). 

The new type of biomimetic implants can find 

applications in orthopedics of knee, ankle, hip, shoulder 

and spine. 

The innovative aspects reside in the fact that 

currently the prosthesis are designed for the replacement 

of a joint, damaged by different causes, but do not 

stimulate tissues regeneration. Also the average life of a 

prosthesis today is about 10/15 years, while the new 

"biomimetic prosthesis" will have a longer life, estimated 

to be 20/25 years. This aspect is very important because 

the average lifespan has increased significantly and this 

consequently increases the number of orthopedic surgery 

and social and health care related costs. 

A further field of application of the product is surgical 

oncology to support and facilitate bone regeneration 

resulting in massive losses due to interventions of removal 

of both primitive and metastatic tumors. The prosthetic 

system might allow a better functional recovery by 

promoting bone recreation to ensure a good hold of the 

load, even going to impact on the quality of life of the 

individual patient, already seriously compromised by the 

basic oncological pathology. 
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The concept of combining a metal support structure 

(to guarantee the resistance to the load) with a 

biomimetic scaffold (which promotes regeneration) finds 

replication in all those sectors of the therapeutic surgery 

involving the removal of bone and requiring a 

stimulation of the regeneration of resected tissue. In fact 

the concentrated bone marrow contains growth factors 

and mesenchymal stem cells that can specialize in: 

 

• Bone cells 

• Cartilage cells 

• Tendon cells 

Conclusion 

As an example of the theoretical approach presented 

here, the Authors refer to a design driven innovation 

obtained through an evolutionary design combining 

previous research results of experimental activities 

carried out on prostheses and new fabrication processes 

based on Electron Beam Melting (EBM) additive 

technologies of Titanium powders and related advanced 

academic studies on biomechanics and biomimetics of 

implanted bones. 

These activities have been taken up by the Authors in 

order to harvesting the hitherto untapped potential of 

such advanced materials and manufacturing technologies 

for the evolutionary design and fabrication of customized 

innovative “biomimetic prosthetic systems” that better 

integrate with the physiological biomechanics of the 

bones where they are implanted.  

The achieved goal was the creation of added value 

by combination of existing research results with new 

necessary creative prosthesis design and modelling 

activities. The transfer of results across academic and 

industrial research on biomechanics and clinical 

studies, accelerated the innovation process and create 

profit while improving the quality of life of the patients 

with prostheses. 

This project has opened and identified, through this 

evolutionary design, a number of new research activities 

addressed to foster the potential of the new technologies 

to enable new medical therapies contributing to 

personalised health care, to create and improve the 

technological basis and to increase the resource 

efficiency and reduce waste in the context of industrial 

and manufacturing processes.  

Sustainability will be a theme in a long future in the 

world; this issue is particularly critical in emerging 

countries due to their rapid uncontrolled industrial 

growth. Main objective of the methodological approach 

is to create a public-private network that can support 

SMEs and consumers in adopting sustainable 

consumption and production practices and activities in 

the urban districts by promoting a conscious Sustainable 

Design driven innovation educational campaign addressed 

to the consumption cycle stakeholders. Namely, new 

cleaner and sustainable approaches to product 

development, consumption patterns and behaviours will 

be achieved by combined educational and demonstrative 

actions targeted for the three main actors of the 

development-production-consumption chain: 

 

• Product concept Developers, such as designers and 

SME’s product development offices 

• Producers such as single SME’s and SME’ category 

associations 

• Consumers through Consumers associations and 

distributors 

 

These key stakeholder groups should be involved in 

the understanding of the Design Driven Value Chain, 

that is the creation, management and distribution of 

value through the value chain and across industries. 

An innovative, design-driven, sustainable approach in 

conceiving, developing, engineering and producing by 

using new greener materials and technologies can be 

effective in strengthening the competiveness and success 

of creative industries linked to manufacturing (e.g., 

industrial engineering, biomedical, architecture, 

automotive, art, crafts, supports for cultural items, 

decoration, fashion, furniture, lighting, interior design 

materials and products, jewels, luxury, media supports, 

publishing, sport and toys). This approach adds value to 

products and processes also by ‘immaterial’ factors (e.g., 

trend translation, enhanced sensations, values). 

The biomimetic prostheses project specifically 

addressed the dissemination and spreading of innovative 

material and technology greener solutions for use in the 

biomedical creative industry sectors adopting sustainable 

and socially responsible approach to reduce energy 

consumption and environmental impact, conveys a 

holistic view of the industrial design process and 

emphasizes the following areas: 

 

• Problem identification and analysis 

• User-centred innovation (local social and cultural 

aspects) 

• Concept development 

• Emerging technologies and Strategic design 

• Sustainable product development through life cycle 

analysis 
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