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Introduction
The beginning of the 21st century provided many interesting 

features in engineering. To begin with, the technology of high 
performance fiber reinforced composite materials, especially carbon 
fiber reinforced thermosets, reached their peak in maturity [1], 
thus commercial passenger aircraft such as the Boeing 787 and the 
Airbus A350 series are nowadays manufactured with a dead weight 
of more than 50wt% in high performance composites, attaining fuel 
economies of 20 or more percent [2]. The eve of nanotechnology 
provided further impetus to research with carbon based single 
and multiwall nanotubes [3] and other types of nanofibers [4] as 
further potential reinforcements but with no impressive results as 
yet. Also, since the discovery of graphene [5,6], new aspirations for 
materials with exotic properties were driving multibillion research 
worldwide but no real structural application has seen the light too.

However, all the extremely intensive research in nanocomposites 
and nanomaterials, with journal papers numbering already 130k 
Journal Papers in 2011 [7], and more than 166k in 2018 [8], 
provided researchers and engineers with a new perspective for 
materials which were named “smart” and /or “adaptive”. These 
materials either manufactured by nanotechnology methodologies 
as adaptive or sensing per se [9] or being reinforced with nano-
structured stimuli responsive fillers [10] are nowadays supposed  

 
to provide the structures or structural parts of the coming 
decades with smart and adaptive features. Moreover, the last ten 
years saw an avalanche in the sector of additive manufacturing 
technologies (or 3D printing in the popular media) of all levels 
and in many commercial and industrial applications [11]. This led 
the researchers to focus their attention again on exploiting such 
technologies combining them with existing knowledge gained in 
the past twenty years on sensory and adaptive/smart materials 
to create a new category namely the 4D printed materials [12]. 
This short review provides an insight into the latest progress 
achieved in smart materials, sensors and structures and also the 
new 4D smart printed parts family in advanced applications such 
as Nanomedicine [13].

Examples of the Recently Developed Smart and 
Responsive Structures

Recently, some interesting applications of smart and adaptive 
materials and structures emerged in the light of literature. 
An ultrahigh resolution pressure sensor based on percolative 
metal nanoparticle arrays was developed in Hubei and Nanjing 
Universities, China [14], with the ability to provide sensitivity of 
0.13kPa−1, which corresponds to ca. 1m of barometric altitude 
resolution. C. Varnava published two articles on nanowire-
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networks and flexible photodetectors which can evolve quickly into 
products including smart windows, foldable screens and wearable 
electronics [15], and another on the importance of MEMS sensors 
in the flight control circuits for unmanned air vehicles for civilian as 
well as military purposes [16]. Carbon Nanotube (CNT) yarns have 
been assessed for many uses including flexible electronic sensors 
and electrodes to measure strain, temperature, ionic concentration, 
and concentrations of certain monitored biomolecules. In twisted 
form CNT yarn exhibit strong torsional actuation, and when coiled 
CNT yarns generate large tensile strokes hinting for a future 
use as artificial muscle. Next‐generation of energy storage and 
harvesting systems can be also based on CNT’s superconductive-
supercapacitative electrical behavior [17]. The integration of 
sensors into structures with additive manufacturing is not always 
straightforward and is pointed out by many researchers [18] 
which argue that new horizons are opened but also challenges are 
there too considering the additive manufacturing methodologies. 
On the other hand, stimuli responsive materials are nowadays 
widely named as 4D printed materials since 2013, described as 3D 
printing of multifunctional materials [19]. Especially in the field 
of biotechnology, 4D printed scaffolds for tissue engineering [20] 
and biomedical devices e.g. rapid virii detection microdevices [21] 
are being suggested as possible applications. The wide availability 
in cheap lab-scale FFF (fused filament fabrication) or FDM (fused 
deposition modeling) 3D printers has led also many researchers 
to incorporate small particles in filaments and/or graphene and 
print novel 4D hybrid materials [22]. Needless to mention also fluid 
inks with graphene have been also proposed for cell scaffolds and 
molecular arrays in biosensing applications [23]. It is anticipated 
that the complex procedures in human tissue regeneration and 
healing offers a whole new field of application for 4D printed 
scaffolds [24]. It appears that biotechnology now benefits from both 
the innovation of rapid manufacturing as well as the tremendous 
steps in nanotechnology in the previous two decades [25].

Conclusion/Opinion
It is always not easy to foresee the future of course. As mentioned 

above there is a strong driving force however, for 4D printed or 
smart adaptive structures based on several types of polymers, most 
of them enabled for 3D printing, or additive manufacturing. The 
revolution in nanotechnology has proved smart nanoparticles and 
nano-arrays with extreme sensing capabilities and researchers are 
trying mostly to incorporate them in smarter and more efficient 
structures such as scaffolds for tissue engineering, bio-devices for 
drug delivery and immune-sensing or other like photo–electronic 
circuits and devices. The future trends are also pointing in the 
direction of energy storage and harvesting also.
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