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Abstract—Despite their great potential in regenerative medicine
applications, stem cells (especially pluripotent ones) currently show
a limited clinical success, partly due to a lack of biological knowl-
edge, but also due to a lack of specific and advanced technological
instruments able to overcome the current boundaries of stem cell
functional maturation and safe/effective therapeutic delivery. This
paper aims at describing recent insights, current limitations, and
future horizons related to therapeutic stem cells, by analyzing the
potential of different bioengineering disciplines in bringing stem
cells toward a safe clinical use. First, we clarify how and why stem
cells should be properly engineered and which could be in a near
future the challenges and the benefits connected with this process.
Second, we identify different routes toward stem cell differentia-
tion and functional maturation, relying on chemical, mechanical,
topographical, and direct/indirect physical stimulation. Third, we
highlight how multiscale modeling could strongly support and op-
timize stem cell engineering. Finally, we focus on future robotic
tools that could provide an added value to the extent of translating
basic biological knowledge into clinical applications, by developing
ad hoc enabling technologies for stem cell delivery and control.

Index Terms—Engineered materials, mechatronic integrated
biodevices, regenerative medicine, stem cell differentiation, tissue
engineering.

I. INTRODUCTION

ONE of the major challenges of current medicine consists in
understanding and implementing regenerative strategies

for a number of biological entities, with the aim of repairing
damaged or degenerated cells, tissues, and organs, thus restoring
their original functions.

Within this vision, stem cells represent one of the most
promising tools for achieving successful therapy and restoring
normal functions. However, a number of scientific and tech-
nological issues remain to be addressed and properly solved
before fully exploiting the disruptive potential of stem cells.
Many branches of both life science and engineering could play
a central role in providing this therapeutic strategy with a strong
push forward.

This paper aims at describing which research fields recently
approached the variegated issues connected with the use of stem
cells for therapeutic and, in particular, regenerative purposes and
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Fig. 1. From pluripotent stem cells (S) progenitor cells (P1, P2, and P3) are
generated, which differentiate along distinct pathways, giving rise to different
cell types, depending on the combination of extrinsic factors to which they
are exposed. Images reproduced with permission of AAAS, Nature Publishing
Group, and John Wiley and Sons.

at identifying other possible candidate disciplines which could
significantly contribute to this challenge in the near future.

Concerning the last two decades, ∼8500 scientific articles
have been published on stem cell differentiation, with an av-
erage yearly growth rate of 25%. The great majority of such
publications (97%) appeared on generalist biological or med-
ical journals, while a small percentage (3%) was published
on engineering-related journals (source: ISI Web of Science).
Focusing the attention on the boundaries between biology,
medicine, and engineering, concerning the use of stem cells,
could serve at increasing the awareness on how much bioengi-
neering can contribute in deeply innovating or even revolution-
izing this field.

II. REGENERATIVE POTENTIAL OF STEM CELLS

A number of organs have the intrinsic ability to regenerate,
a distinctive feature that varies among organisms. Organ regen-
eration is not a fully understood process, yet. However, when
its underlying mechanisms are unraveled, it holds tremendous
therapeutic potential for humans [1]. In this framework, the
contribution of exogenous cells, such as progenitor cells, em-
bryonic stem cells, induced pluripotent stem cells (iPSCs), and
bone marrow-, adipose-, and umbilical cord blood-derived stem
cells in repairing and regenerating organs in the absence of an
innate intrinsic regenerative capability, has a widely recognized
potential, primarily relying on the intrinsic capability of stem
cells to commit, if properly stimulated, toward different cell
lineages [2] (see Fig. 1).
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In vivo, between a stem cell and its terminally differenti-
ated progeny, there is an intermediate population of committed
progenitors with limited proliferative capacity and restricted dif-
ferentiation potential. Complex regulative mechanisms allow a
stem cell to give rise to daughter cells that have a finite proba-
bility of being either stem cells or committed progenitors.

Stem cell fate is regulated by a partly unknown number of
both intracellular and extracellular events. Among intracellu-
lar events, transcription factors and internal clocks have been
recognized to have a primary role. Transcription factors are pro-
teins that bind to specific DNA sequences, thus controlling the
flow of genetic information from DNA to mRNA. They can act
as “activators” or “blockers” of the information encoded in the
genome, thus deeply affecting cell behavior. It has been demon-
strated that distinct combinations of transcription factors control
specific stem cell differentiated lineages [3]. On the other hand,
intracellular clocks control changes in the level of cell cycle
promoters or inhibitors. An example is represented by telomere
length: A progressive shortening of these structures normally
acts as a mitotic clock. Stem cells may not be subject to senes-
cence because of constitutive telomerase activity. However, it
has been argued that telomerase-based clocks could have a role
in long-living mammals, such as humans [4].

Collectively, the external signals that control stem cell fate
constitute the stem cell microenvironment, or niche. Within this
context, several elements can be considered as crucial [2], such
as secreted factors (e.g., TGFβs and Wnts), integral membrane
proteins that mediate cell–cell interactions (e.g., β-catenin,
Notch, and Delta) and extracellular matrix (ECM). By varying
ECM shape, stem cells could be directly influenced by means
of different responses of their receptor proteins (integrins), but
they could also receive an indirect input due to the different abil-
ity of ECM to sequester and modulate the local concentration
of secreted factors available within the stem cell niche [5].

The mechanisms by which stem cells induce their therapeu-
tic effect have also been deeply studied and recently resumed
in [6], concerning cardiac regeneration. In general, cell therapy
can lead toward successful regeneration or repair by four main
general mechanisms: 1) differentiation of the administered cells
into the cellular constituents of the target organ to regenerate;
2) release of factors capable of paracrine signaling from the
administered cells; 3) fusion of the administered cells with the
existing constituents of the target organ; and 4) restoration of
endogenous stem cell niches in the target organ, stimulated by
exogenous cell delivery. Concerning the first mechanism, it is
obvious that a higher pluripotency of the delivered cells implies
a larger capability of differentiating in all the tissue compo-
nents, theoretically. Therefore, pluripotent stem cells (embry-
onic or reprogrammed) show higher potential, as discussed in
the following section. For what concerns paracrine signaling, it
is increasingly known that transplanted stem cells release sol-
uble factors (cytokines and growth factor) that, e.g., in cardiac
tissues, induce cytoprotection and neovascularization [7]. The
mechanism of cell fusion (almost without transdifferentiation)
has been identified as crucial in the therapeutic action of bone
marrow-derived hematopoietic cells on cardiac pathologies [8],
while the restoration of endogenous progenitor cells through the

TABLE I
RECENT CLINICAL TRIALS INVOLVING STEM CELLS

delivery of exogenous ones has been recognized as an effective
therapy for cardiomyopathies [9].

Stem-cell-related global market is currently quantified in
$3.8 billion and is expected to reach $6.6 billion in 2016.
Regulatory routes to the clinics represent a mandatory step for
cell-based therapies. Table I resumes some recent clinical trials
involving stem cells for regenerative therapies [10]–[14].

III. WHY ENGINEERING STEM CELLS?

As mentioned above, different stem cell sources and types de-
termine different therapeutic possibilities. Totipotent stem cells,
such as iPSCs and human embryonic stem cells (hESCs), ob-
viously show the greater potential, being able to generate all
cell types, while multipotent stem cells, such as mesenchymal
stem cells (MSCs), can generate many cell types, such as mus-
cle cells, hepatocytes, blood cells, etc. Finally, oligopotent stem
cells (such as myeloid or lymphoid precursors) can generate
only few cell types (e.g., monocytes, macrophages, etc.).

Consistent differences can also be found between stem cells
of the same type, but deriving from different sources. For exam-
ple, a comparative analysis between MSCs of different origin
revealed that those deriving from umbilical cord blood show a
limited isolation success rate and they are not able to differen-
tiate in adipose tissue, but they can be cultured for long periods
and they show a high proliferation capacity. MSCs from bone
marrow show high isolation success rate, good differentiation
capacity but very low proliferation ability. Finally, MSCs from
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adipose tissue show the highest colony frequency and good dif-
ferentiation ability [14].

Stem-cell-based regenerative medicine approaches hold great
promises for the treatment of many pathologies, but a dra-
matic gap between basic research and clinical application is
still present. This is particularly true concerning iPSCs. Human
iPSCs, derived for the first time in 2007 by directly reprogram-
ming somatic cells with transcription factors, are in a pluripotent
state, such as hESCs, thus having the potential of generating all
types of human tissues, without the ethical issues connected
with the use of human embryos [15]. iPSCs have an outstanding
potential for regenerative therapies and some efforts have been
focused in the last five years on the achievement of in vitro iPSC-
derived differentiated cells and tissues, with the highest matu-
ration level [16]–[19]. This research field is quickly expanding,
but extensive knowledge, novel approaches, and advanced tools
are needed to bring iPSCs close to a safe and effective clinical
use.

Transforming the promise of stem cells into therapeutically
relevant treatments will first require sophisticated approaches
for microenvironment engineering, allowing the reproduction
of the complex series of stimuli that permit both the passages
from totipotent stem cells (S) to partly committed progenitors
(P) and from P to terminally differentiated and functional cells,
thus achieving regeneration. This effort should be driven by a
detailed knowledge of stem cell niche microenvironment and
supported by the design of smart bioresponsive materials with
improved biological and mechanical properties [20].

Furthermore, the targeted delivery and control of stem cells
into defined tissue portions is not always straightforward.
Difficult-to-reach regions (such as certain brain portions) would
require a precise and reliable stem cell delivery method in or-
der to benefit from this kind of therapy. Specific technologies
should, therefore, be designed and developed or adapted, in
order to significantly enhance clinical efficacy of the stem cell-
based therapeutic approach.

Moreover, both hESCs and iPSCs tend to form teratomas
when implanted in vivo, thus raising the need of developing
specific protocols and instruments for their terminal differen-
tiation before the implant, or gene manipulation techniques to
induce apoptosis in stem-cell-deriving tumor cells.

Besides regenerative strategies, iPSCs show an incredible po-
tential for patient-specific disease models. In fact, they allow
us to recapitulate both normal and pathological human tissue
formation in vitro, thereby enabling disease investigation and
personalized drug development [21]. However, they also show
some counter backs that limit their efficacy: reprogrammed cells
are characterized by residual DNA methylation signatures, typ-
ical of their somatic tissue of origin, which restrict their possi-
ble fates. This limitation, known as “epigenetic memory” [22],
could be overcome by engineering stem cells in terms of both
reprogramming techniques and differentiation, and serial repro-
gramming methods. In general, technological efforts would be
necessary for the advancement of clinical safety and efficacy of
stem cells and specific tools should be properly designed and
tuned depending on the stem cell type that will be used, in order
to optimize its engineering process.

IV. CHEMICAL ROUTES TOWARD DIFFERENTIATION

A quite well-established knowledge has been acquired and
consolidated in the last decades about the effects of specific
chemical cues on stem cell differentiation. Commitment toward
the three main germ layers (i.e., endoderm, mesoderm, and ec-
toderm) can be achieved by using different culture media, con-
taining distinct proteins, molecules, growth factors, cytokines,
etc.

Growth factors added to culture or secreted by stem cells
and nearby niche cells are often potent in their effects on cell
fate: during embryogenesis, they are actually tightly regulated
in space and time. In general, growth factors can affect the se-
creting cell (autocrine) or other cells (paracrine). Microfluidic
devices represent powerful instruments in this research field,
allowing us to continuously wash away secreted factors while
perfusing known concentrations of active molecules [23], [24].
Current pluripotent cells directed differentiation protocols have
two main concerns: 1) risk of xenogenetic pathogen cross trans-
fer, due to the use of animal feeder cell lines; and 2) a multistep
procedure involving the formation of multicellular 3-D struc-
tures called embryoid bodies (EBs), which do not favor cell
adhesion and attachment, yielding a small fraction of lineage
cells showing the desired phenotype. Alternative in vitro culture
methods, avoiding cell feeder layer and EB formation would,
therefore, be desirable.

Additional chemical routes for engineering stem cell are also
emerging, aiming at directly influencing cell transcriptional reg-
ulatory circuitry. In this framework, the insertion of exogenous
micro RNA (miRNA) portions represents a promising example.
Embryonic stem-cell-specific miRNAs have been recently used
to induce pluripotency in adult differentiated cells [25], but sim-
ilar approaches could be investigated in order to force stem cells
toward desired fates and/or behaviors.

The risk of teratoma formation after implant of hESCs and
iPSCs could be faced in the near future by exploiting recent
biological insights, consisting in the identification of 21 genes
expressed in hESCs and teratomas, but not in differentiated cells.
Between them, BIRC5, encoding the survivin protein, seems the
best candidate for being responsible of stem-cell-deriving tumor
formation [26]. Specific drugs or engineered molecules/factors
able to silence such a gene or to induce apoptosis in tumor-
forming cells would represent a breakthrough solution to this
problem.

V. ENGINEERING SUBSTRATES FOR PROMOTING CELL

DIFFERENTIATION

Stem cell functions are regulated primarily by extracellu-
lar stimuli, including soluble and adhesive factors that bind to
cell-surface receptors. However, recent evidences suggest that
mechanical properties of the ECM, particularly rigidity, can
also mediate cell signaling, proliferation, differentiation, and
migration [23], [27]. Similarly, topography is able to trigger
specific behaviors and/or to inhibit certain pathways. The de-
velopment of properly engineered substrates, with defined me-
chanical properties, topographical cues, surface chemical pat-
terns, and lately active properties, is an active research field
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Fig. 2. Elastomeric micropost arrays to engineer substrate rigidity. (a) Finite-
element method analysis of microfabricated posts deformation in response of
an applied horizontal traction force; (b) micropost deflection as a function
of the applied force; (c) nominal spring constant as a function of post length;
(d)–(f) Scanning electron microscopic images of human MSCs plated on PDMS
micropost arrays. Scale bars: 100 μm (top images), 50 μm (d, bottom), 30 μm
(e, bottom), and 10 μm (f, bottom). Images reproduced with permission of
Nature Publishing Group.

(seeFig. 2). The main objective is to mimic natural environ-
ments in which stem cells grow in vivo, thus providing a series
of matrix-mediated stimuli that contribute to determine correct
cell commitment.

In the last years, the synergistic joint efforts of engineers,
biologists, and materials scientists produced several important
advancements in the field of biomaterials. Microengineered hy-
drogels with precisely tuned mechanical properties [28], poly-
electrolyte multilayer nanofilms with specific roughness and
surface charges [29], and polymeric matrices doped with ac-
tive nanoparticles [30] are only few examples of the numerous
different systems aiming at controlling stem cell fate, by ex-
ploiting different mechanisms. However, a real breakthrough in
stem cell fate control will probably be achieved when all the
biomaterial-related stimuli (topographical, mechanical, chemi-
cal, and electrical ones) will be properly integrated and dynam-
ically regulated over time in order to reflect the time-varying
adaptation of natural stem cell ECM during embryogenesis. In
this context, micro- and nanotechnologies, together with materi-
als science and system control strategies, will play a key role in
the development of future dynamically adaptive and responsive
substrates for stem cell engineering.

Tables II and III report a series of technologies (micropattern-
ing, microfluidics, and 3-D tissue engineering-oriented fabrica-

TABLE II
INFLUENCE OF MICROPATTERNING SHAPE ON STEM CELL COMMITMENT

TABLE III
TISSUE ENGINEERING-ORIENTED TECHNOLOGIES FOR STEM CELL

COMMITMENT

tion) used to induce specific stem cell responses, highlighting
their main effects on cell commitment [31]–[35].

VI. MINI-, MICRO-, AND NANODEVICES TO INDUCE

PHYSICAL STIMULI

Together with matrix characteristics, intracellular and extra-
cellular physical stimuli play a primary role in determining
stem cell fate. Such stimuli (e.g., electrical fields, electrical cur-
rents, magnetic fields, static or dynamic pressures, mechanical
stretching, etc.) can be provided at several scales, by means of
different technologies. Intracellular stimulation can be achieved
by means of active nanoparticles. Properly functionalized nano-
sized biocompatible structures can be internalized by cells and
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localized in vacuoles or other cytoplasmic compartments. It has
been demonstrated that, by triggering the internalized particles
by means of external energy sources, it is thus possible to de-
liver physical stimuli within cells [36], [37]. Even if this tech-
nology was tested on skeletal muscle cells and neurons, it holds
promises also for stem cell fate control. Responsive nanopar-
ticles could be developed with the aim of both providing cells
with intracellular physical stimuli and releasing specific drugs
in a targeted and temporized way.

Biomedical engineers will have a primary role in design-
ing and developing properly miniaturized and integrated instru-
ments able to provide stem cells with a complex, yet controllable
series of physical stimuli, to control their behavior. Extracellular
stimulation can be actually achieved by using mini- or micro-
sized devices (e.g., microfabricated electrodes, miniactuators,
etc.). Similarly, miniaturized sensors integrated in scaffolds or
culture wells would allow us to precisely and continuously mon-
itor cell activity and/or tissue differentiation stage, without in-
terfering with cell processes.

Concerning instruments for the delivery of physical stimuli
and for monitoring cell activity, recent advances in microscale
technology have largely improved the capability of developing
electrical interfaces able to both stimulate cells and to moni-
tor their processes. Planar-type microelectrode arrays (MEAs),
in which metal electrodes are embedded in a cell culture plat-
form, permit to perform simultaneous operations on growing
and differentiating cells [38], [39] [see Fig. 3(a)]. Ultracon-
formable platforms embedding electrode arrays and also active
electronic components (so-called tattoo electronics) have re-
cently been reported, based on very thin polydimethylsiloxane
(PDMS) sheets (10–50 μm thick) embedding spring-shaped mi-
crofabricated metal interconnects [40].

While many good examples exist in the recent literature
about the development of stretchable, flexible, and/or con-
formable electrodes for cell interfacing, there is currently a
need for the development of smart biointerfaces and bioelec-
trodes which are able to combine simultaneously several cru-
cial features and properties, such as electrical conductivity,
mechanical properties, nanoscale topographical features for cell
alignment, dynamic switching of surface properties, biocompat-
ibility, biodegradability, etc. Another critical aspect to consider
is the long-term stability of these structures and their ability
to avoid water electrolysis and other undesired phenomena.
Microengineered conductive polymers show good promises for
such applications [41], [42] [see Fig. 3(b)].

Mechanical traction or compression forces can be applied by
means of miniaturized actuated systems, with the aim of both
investigating cell responses to strain stimuli [43] or to promote
specific and desired cell/tissue responses [44] [see Fig. 3(c)].

Concerning cell activity monitoring, impedance analysis is
a well-known technique, which allows us to collect informa-
tion in a noninvasive way about cell adhesion-, growth-, and
differentiation-related events, mainly by sensing changes in the
characteristics of cell–substrate interfaces [45]. This technology
evolved in the last decade toward single-cell microfluidic mon-
itoring units [46] and properly functionalized MEAs [47], [48]
[see Fig. 3(d)].

Fig. 3. Miniaturized systems for physical stimuli delivery and cell activity
monitoring. (a) Array of microfabricated electrodes for single-cell electrical
stimulation; (b) conductive polymer (PEDOT:PSS) showing anisotropically ori-
ented wrinkles on its surface, thus allowing to simultaneously provide electrical
and topographical stimuli; (c) MEMS-based system able to provide cultured
cells with traction and compression forces; (d) equivalent circuit of single
cell-covered microelectrode for single cell impedance analysis. Images repro-
duced with permission of Elsevier, IOP Science, Nature Publishing Group, and
Cambridge University Press.

Despite the recent encouraging results, key efforts are still
needed in this field. The development of ad hoc advanced and
integrated technologies for stem cell controlled and continuous
stimulation and activity recording is an important challenge
that will dramatically improve our knowledge concerning the
mechanisms underlying tissue functional maturation, allowing
at the same time a significant acceleration toward a safe clinical
use of stem cells.

VII. MULTISCALE MODELING OF STEM CELL BEHAVIOR

Mathematical and computational modeling represents a
natural infrastructure aiming at bringing together data and
knowledge obtained from biological, physiological, and clinical
research. Modeling can be performed across several levels of bi-
ological organization with respect to space or time. Concerning
stem cells, this effort could represent an added value in the pro-
cess of identifying and exploiting the molecular processes that
underlie commitment- and differentiation-related events. Fur-
thermore, advanced models of stem cell layers organization into
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3-D tissues, angiogenesis, and cell–matrix interactions could
allow a fine prediction of cell behaviors and the optimization of
matrix characteristics for achieving specific mature stem-cell-
derived functional tissues.

Although cells have a complex cytoskeleton, they essentially
behave as viscoelastic or, on short time scales, as isotropic
elastic bodies [49]. Therefore, their biomechanical properties
may be characterized by a small number of parameters, such as
Young’s modulus and Poisson’s number. Additional parameters
can then be considered, such as cell doubling time, cell mo-
bility, and the cell–cell and cell–substrate adhesion. Important
research efforts focus on the modeling of spatial-temporal 3-D
cell organization into complex tissues. This is normally done by
employing off-lattice models, in which cells are either modeled
as quasi-spherical particles, deformable ellipsoids, or Voronoi
polygons [50].

Explaining stem cell commitment and embryonic develop-
ment of multicellular organisms requires insight into complex
interactions between genetic regulation and physical, generic
mechanisms at multiple scales. Normally, biologists aim to iden-
tify genetic pathways and expression patterns, while physicists
tend to look for generic underlying principles. The combination
of biological and physical approaches into a cell-centered mod-
eling strategy is a big challenge, which holds great promises for
understanding and controlling stem cell behavior and assembly
during embryogenesis. Computational biophysics recently pro-
vided some instruments, such as cellular potts models [51], but
innovative multiscale solutions are desirable for significantly
advancing the scientific knowledge in this field.

Modeling the interaction between cells/tissues and 2-D or
3-D artificial substrates is a complex issue, which involves both
matrix features (mechanical characteristics, surface topography,
etc.) and their effects on cell structure and functions (reorgani-
zation of focal adhesions, expression of different proteins, etc.).
Recent efforts focused on the modeling of muscle cells and
microengineered substrates [see Fig. 4(a)] [52], but a single
broadly accepted matrix/cell (in particular stem cell) interaction
model is still to be proposed.

Future modeling efforts could bring several insights on this
topic and also drive advanced control strategies for stem cell or-
ganization and differentiation. In this context, surrogate model-
ing, active learning, and evolutionary algorithms [see Fig. 4(b)]
represent promising tools for facing complex modeling issues
at the boundary between biology and engineering.

VIII. ROBOTIC TECHNOLOGIES FOR A SAFE AND EFFECTIVE

STEM CELL RELEASE

The limited clinical success of stem cell injections for the
treatment of several pathologies (e.g., myocardial infarction,
Alzheimer, etc.) can be attributed to two main factors. The for-
mer concerns the low functional maturation of the injected cells;
the latter is ascribed to the low retention and survival of in-
jected cells. This second aspect highlights the need of specific
and advanced tools for a controlled release of therapeutic cells.
Robotic technologies and their intrinsic accuracy can provide
a wide range of solutions able to overcome these limitations,

Fig. 4. (a) Muscle cells/artificial engineered matrix interaction and consti-
tutive equations; (b) representation of evolutionary algorithms structure: i =
initialization, F (x) = evaluation, ? = stopping criterion; Re = replacement;
Mu = mutation; Cr = crossover, Se = selection, X∗ = optimum. Images
reproduced with permission of Elsevier.

thus representing a new horizon for a safe and functional tissue
reconstruction at the damaged site.

Recently, polymeric functionalized nanofilms emerged as
novel tools for hosting stem cells and bringing/delivering them
towards the desired therapeutic site. Nanofilms are quasi-2D
membranes that can be prepared by using different biocom-
patible and biodegradable polymers, with the aim of developing
flexible structures able to support cell growth and differentiation,
and to be easily manipulated and injected [53], [54]. Nanofilms
can be provided with superparamagnetic nanoparticles, which
confer to the polymeric structure the ability to be precisely con-
trolled by means of external magnets [55] and also monitored
by means of specific instruments, such as magnetic resonance
imaging.

Together with novel macro- or microvectors, a series of
robotic technologies are also needed to safely and effectively
bring therapeutic cells in a desired site, to deliver them and
to assure that they will accomplish a significant regenerative
function in such a site. Robotic-aided magnetic locomotion,
ultrasound-mediated activation methods [56], and techniques
for single-frame stem cell tracking [57] show great promises,
but novel advanced tools will be probably needed in the near fu-
ture to revolutionize the methodologies of both stem cell culture
and delivery/activation [see Fig. 5].
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Fig. 5. Scheme of an envisioned highly miniaturized and integrated techno-
logical platform for advanced control of stem cell assembly and differentiation.

IX. CONCLUSION

Despite the enormous research efforts carried out in dif-
ferent fields, such as stem cell molecular biology, physics,
organic chemistry, biomaterials, microengineering, computer
science, and robotics, scientific community currently lacks (at
least partly) of an integrated interdisciplinary and transdisci-
plinary view toward the treatment of major diseases by means of
engineered stem cells. A significant portion of future medicine
will probably rely on the successful merging of engineering-
related competences and tools with mere physical and
biological insights within a single framework. In this con-
text, significant advancements in material-related technologies,
miniaturized mechatronic platforms and robotic control strate-
gies are desirable and should be driven, in a certain measure,
by a “stem-cell-centered” view, in order to accelerate this merg-
ing process and to provide society and healthcare systems with
novel and effective advanced therapeutic technologies.
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