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Introduction
On December 3, 2024, a webinar among world leaders 
representing 4 continents in the field of nanotechnology 
and nanobiotechnology was held for the Journal 
of Nanotechnology and Nanobiotechnology. Below 
represents a summary of topics covered which includes 
how nanotechnology has positively impacted tissue 
engineering (by Prof. Thiago Stocco), results from 
the implantation of nanomaterials in humans showing 
tremendous success (by Prof. Thomas J. Webster), and 
the emerging field of BioMechatronics (not to be confused 
with biomechatronics) which will bring us into the next 
generation of medicine (by Prof. Per A. Löthman). The 
inagural webinar is available for anyone to watch at the 
journal’s website at: https://www.scitechjournals.com/
journal-of-nanotechnology-and-nanobiotechnology.

Nanotechnology and Tissue Engineering 
(Prof. Thiago D. Stocco)

Tissue engineering is an interdisciplinary field aimed 
at creating biological substitutes to repair or replace 
damaged tissues [1]. It addresses critical challenges such 
as the global shortage of donor tissues and the limited 
regenerative capacity of tissues like articular cartilage 
and ligaments. The success of this field relies on three 
main pillars: cells, which provide biological activity; 
scaffolds, which serve as a structural framework for cell 
attachment, proliferation, and tissue formation; and, in 
some cases, bioactive factors, such as growth factors, that 
regulate cellular behavior and tissue development. These 
components work synergistically to achieve functional 
tissue regeneration [1,2]. At the core of tissue engineering 
lies the development of scaffolds, which are indispensable 
for the success of engineered constructs. Scaffolds provide 
the necessary environment for cells to adhere, proliferate, 
and form new tissue [3].

Nanostructured scaffolds have emerged as a transformative 
solution in tissue engineering due to their ability to closely 
mimic the natural extracellular matrix (ECM). The ECM 
is inherently a nanofibrous network, and nanostructured 
scaffolds replicate this architecture with high fidelity. 
Compared to conventional scaffolds, nanostructured 
scaffolds offer a significantly larger surface area, enhancing 

cell adhesion and interaction. This biomimicry creates 
a microenvironment conducive to tissue regeneration. 
Nanofibrous scaffolds, in particular, exhibit several distinct 
advantages. Their fibrous architecture can be aligned to 
guide cellular organization, which is essential for tissues 
such as muscles and tendons. The interconnected porosity 
of these scaffolds promotes efficient nutrient and waste 
exchange, supporting cell viability. Additionally, their high 
surface area enhances cell attachment and proliferation, 
and their mechanical properties can be tailored to meet 
the specific demands of the target tissue [4].
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are poised to push the boundaries of what is achievable in 
this field, unlocking new possibilities for addressing some 
of the most pressing challenges in regenerative medicine 
– which brings us to recent promising results of implanting 
nanomaterials into humans which will be described next 
by Prof. Thomas J. Webster which was his part of the 
webinar.

Do you have the energy ? Surface energy that 
is. (Prof. Thomas J. Webster)

In his part of the webinar, Prof. Thomas J. Webster started 
by outlining the many problems with our global healthcare 
system which was highlighted by COVID [11]. Specifically, 
he discussed that although viruses have plagued human 
health for centuries, for some reason, we were ill prepared 
for SARS-CoV-2 with our only healthcare solution telling 
people to stay at home and do not interact with others. 
This was a failure of our traditional healthcare system that 
everyone seems to have forgotten he lamented. He went 
on to describe how COVID highlighted traditional problems 
in our healthcare system that existed before COVID and 
continue to exist today including overcrowded hospitals; 
barriers even finding healthcare (including but not limited 
to financial, geographical, and psychological barriers); 
medical devices that fail including that traditional medicine 
has not produced any medical device that is 100% 
successful in the body; an over dependence on drugs to fix 
everything despite well-known trends of antibiotic resistant 
bacteria (which is predicted to kill one person every 3 
seconds by 2050 [12] – a battle we are clearly losing through 
our conventional antibiotic techniques), chemotherapeutic 
resistant cancer cells, and the opioid epidemic; treating 
every patient the same which contradicts well known 
facts in medicine such as differences in immune systems 
based on sex, race, age, and more; a medical system 
which reacts to your problems rather than predicts your 
problems; increasing costs; increasing global population; 
and most depressingly, a declining average global life 
expectancy which existed in some parts of the world even 
before COVID [13,14].

However, with such disappointment in our traditional 
healthcare system, as Prof. Webster described, there 
is promise. Promise in nanotechnology. He described 
while nanotechnology may seem like a mystery to some, 
it has already proven in humans the ability to eliminate 
implant failure [15]. Among many examples, he described 
his start-up company formed in 2005 from his anodized 
nanotexturing technology (Nanovis [16]) which now has 
over 30,000 nanotextured pedicle screws currently inserted 
into the spines of humans with no failures according to 
the FDA MAUDE database; traditional orthopedic implants 

Despite these advantages, nanofibrous scaffolds face 
certain limitations that must be addressed to maximize 
their potential. One of the primary challenges is their lack 
of a truly complex three-dimensional (3D) architecture, 
which is critical for replicating the structural features of 
some tissues, such as cartilage, bone, meniscus, and 
intervertebral discs. Furthermore, these scaffolds often 
exhibit limited integration with vascular networks, a 
critical aspect for sustaining large tissue constructs. The 
mechanical properties of nanofibrous scaffolds may also 
fall short of the requirements for load-bearing tissues, and 
scaling fabrication processes for larger or more intricate 
constructs remains challenging [4,5].

To address these limitations, we have been exploring the 
integration of nanofibrous scaffolds with 3D bioprinting 
technologies. 3D bioprinting allows for the precise 
deposition of biomaterials and cells in layered patterns, 
enabling the creation of highly complex, patient-specific 
structures with excellent spatial control [6]. By combining 
the biomimetic architecture of nanofibrous scaffolds with 
the versatility of 3D bioprinting, it is possible to develop 
scaffolds that are not only functional but also highly 
biomimetic. This convergence opens new opportunities for 
advancing tissue engineering. Recent studies conducted 
by our group have demonstrated the potential of integrating 
bioprinted hydrogel layers with nanofiber membranes. In 
one study, we utilized bioprinted GelMA hydrogel layers 
intercalated with PLA/Laponite nanocomposite nanofiber 
membranes [7]. In another, type I collagen hydrogel 
layers were combined with PCL nanofiber membranes [8]. 
Both approaches yielded promising results, particularly 
in terms of scaffold performance, structural integrity, 
and biomimicry. These findings highlight the potential 
of this integrated approach to address the limitations of 
standalone nanofibrous scaffolds.

Future research in this field is increasingly focused on 
integrating advanced nanostructures into hybrid scaffold 
systems. For instance, the incorporation of nanofibers 
directly into hydrogels has emerged as a promising 
approach to combine the mechanical robustness of 
nanofibers with the ECM-mimicking properties of hydrogels 
[9,10]. By optimizing these hybrid systems, it may be 
possible to develop scaffolds that address the limitations 
of standalone nanofibrous scaffolds while enhancing their 
functional performance.

Overall, nanostructured scaffolds represent a cornerstone 
of new tissue engineering, offering unparalleled potential 
for creating biomimetic environments that support tissue 
regeneration. Continued advancements in fabrication 
techniques, material functionalization, and hybrid systems 
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predict the size of nanotextured features that can eliminate 
implant infection and this has been proven in humans 
[23]. Nanotextured implants have also improved vascular 
stents, cardiovascular patches, bladder biomaterials, 
reverse stroke, and cell encapsulation devices used for 
treating diabetes to just name a few clinical applications 
as he described [17-24].

However, he ended his presentation with a thought-
provoking vision that in the future, we have to stop 
implanting static medical devices. Our bodies are dynamic 
and so should be our medical devices. Thus, he proposed 
an implantable nanosensor used in conjuction with hip 
implants where such sensors can determine and quantify 
the type of cell (such as bacteria, inflammatory cells, or bone-
forming cells) that attaches to the surface, and through an 
AI generated algorithm, it can control such cell presence 
through predictions of implant success or failure [25]. As 
he stated, only until we create and implant nanosensors 
in the body will we finally be able to see an increase in life 
expectancy – which brings us to BioMechatronics (not to 
be confused with Biomechatronics) which will be described 

have been reported to fail up to 60%, especially in cancer 
patients.

But most importantly, Prof. Webster reported that he knows 
why [17-24]. When many researchers in the healthcare 
field simply report clinical results, he highlighted that his 
research group has found the underlying cause for zero 
implant failures of nanotextured implants in humans: 
surface energy (Figure 1) [17-24]. Surface energy is 
a term that few even know or even think about. A term 
that seems so simple, yet has proven to be so important 
for eliminating implant failures. And nanotechnology, or 
nanotextured surfaces, can be used to change surface 
energy [17-24]. Prof. Webster described his early research 
back in the 1990s which showed that nanotextured 
implants can be designed to be either hydrophilic or 
hydrophobic [24]. He then proved through what is now 
called the “Webster equation” that such changes in 
surface energy can increase or inhibit proteins to either 
promote or repel cellular functions important for reducing 
infection, limiting inflammation, and growing healthy 
tissues [23]. The Webster equation can also be used to 

Figure 1. Nanotextures control surface energy. Surface energy is demonstrated here through water contact angles where one type 
of nanotexture on the left increases surface energy (super hydrophilic) and a different type of nanotexture on the right (move to 

more hydrophilic) decreases surface energy on the same implant chemistry.Through the control of surface energy using nanotex-
tures, Prof. Webster has shown that one can eliminate implant failures in humans [17-24]. 

next by Prof. Per A. Löthman.

BioMechatronics – a novel perspective in 
Nanobiotechnology (Prof. Per A. Löthman)

The term biomechatronics, originally also written as 
bio-mechatronics, describes an interdisciplinary and 
multidisciplinary research and development area that 
combines biological and mechatronic systems in the 
broadest sense, although in most cases the biological/
medical part plays a subordinate role. As we will see 
later, by definition, mechatronics and engineering are 
the focus and the goal, and not interdisciplinarity per se. 

Biomechatronics was introduced with the establishment 
of mechatronics and the brand “mechatronics” in 1982. 
Hugh Herr at the Massachusetts Institute of Technology 
(M.I.T.), Cambridge, USA, successfully introduced the term 
biomechatronics as a supplement to the term biomimetics 
for research and development of mechatronic technologies. 
Hugh Herr has also successfully represented the term 
biomechatronics internationally for well over 30 years, 
mainly through patents [26-41].

At the time of the rise of mechatronics, the term 
biomechatronics in the broadest sense referred to the 
interaction between mechatronics (and not the entire 
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optogenetic peripheral nerve stimulation or protetic 
limbs, wheelchairs and other mobility aids, robotic elbow 
sleeves, soft robotic gloves, rotational orthoses, upper and 
lower limb prostheses, motorized orthoses or hip braces, 
waist support, lumbar support, motorized (knee, ankle, 
shoulder, elbow, wrist, hand and finger) splints, robotic 
gloves, exoskeletons, exomusculatures, and exosuits, to 
name just a few of the many examples that mainly come 
from Hugh Herr’s patents. It becomes clear that motion 
simulation, motion modeling and biomechanics play an 
important role in classical biomechatronics, and thereby 
underlines the classification of biomechatronics as an 
important subfield of biomedical engineering.

Classic biomechatronics still plays an important role in 
research and development today and has resulted in 
several products, particularly in the rehabilitation sector. 
Thanks to biomechatronics, the quality of life of many 
people with disabilities has increased considerably and the 
development of biomechatronics continues to be of crucial 
importance for the corresponding development areas.

But there are also increasingly modern approaches 
and development  trends in mechatronics where 
biomechatronics is being re-thought. The definition of 
the “system” or “mechatronic basic structure” is being 
reconsidered in the light of the new orientation and a 
new type of integrative interdisciplinarity is emerging. 
“BioMechatronics” is a redefinition, reorganization and 
reorientation of mechatronics that is less “macroscopic” 
and “external” than classic biomechatronics. It is an 
independent, new field. BioMechatronics is essentially 
scale-independent, includes both the micro and 
nanoscale, but often starts from the macroscopic level, 
and thus the molecular and cellular level, with applications 
in biotechnology and medicine frequently occurring, with 
biological-medical systems themselves being classified 
as BioMechatronic systems. Closely related or adjacent 
disciplines here are nanotechnology, microsystems 
engineering, microtechnology, nanomedicine, 
bionanotechnology, biofabrication and biophysics, 
molecular biology, cell biology, bioelectronics, organ on chip, 
neuroscience, micro- and nanorobotics and much more. 
The spelling “BioMechatronics” (capital “B” and capital 
“M”) underlines the modern orientation and interpretation 
of mechatronics in the biological-medical environment. The 
capitalization of the initial letters underlines the importance 
of both disciplines and avoids the relative dominance of 
mechatronics in the original definition of biomechatronics 
in which the biological component plays a maximum 
role in improving already existing mechatronic products. 
BioMechatronics is considered to have significant potential 
[47,48].

engineering sciences) and the life sciences. For Hugh 
Herr, the importance of mechatronics for medicine 
was crucial (or rather: the importance of medicine for 
mechatronics), thus initially narrowing the term down to 
nothing more than a subfield of biomedical engineering, 
and this is how it is still understood today [42-45]. However, 
Hugh Herr based his work in medicine on biomimetics (or 
bionics) - the systematic transfer of knowledge inspired by 
the processes, materials and phenomena in nature, into 
innovative technical products and processes. At least a 
quarter of his publications deal directly with biomimetics, 
which is unfortunately largely ignored. Biomechatronics 
uses biomimetics, for example in the context of human-
machine interaction, and has increasingly been restricted 
to biomimetics. 

In contrast to biomimetics, biomechatronics is mainly 
rooted in engineering and is not actually an interdisciplinary 
research area. Nevertheless, Hugh Herr can be considered 
the person who established biomechatronics as a term, 
but did not define it precisely or apply it consistently [46]. 
Since then, numerous authors have tried to formulate a 
precise definition. Unfortunately, the majority of them failed 
to some extent, either because they artificially restricted 
the term to a very specialized subfield that is typically 
closely related to their own research topic or subject, or 
because they unfortunately did not fully recognize a subtle 
ambiguity in the degree of unification of biological and 
synthetic systems, here in particular mechatronic systems.

One definition of biomechatronics is [47]: “Biomechatronics 
is the development and improvement of mechatronic 
products and processes using biological and medical 
knowledge”. This definition reflects what was already 
mentioned above, that at the beginning of biomechatronics 
it was almost identical to biomimetics and that 
biomechatronics lacks interdisciplinarity. It remains an 
engineering science.

Biomechatronics focuses on technologies for human 
prostheses and supports, particularly “robots” or 
“exoskeletons” that are either attached to or wrapped 
around the human body, as well as on technologies for 
rehabilitation. It is a more directly “human-centered” 
mechatronics and, as described above, refers to 
“macroscopic” products, inventions and research areas 
such as prostheses, orthotic or exoskeleton devices 
(“devices”), crutches, intelligent wheelchairs, prostheses 
with variable mechanical impedance, artificial ankle-foot 
systems, series elastic actuator components for active 
ankle foot orthosis, powered ankle-foot prostheses, 
biomimetic joint actuators, adaptive prosthetic knees, 
biomimetic transfemoral prosthesis, transdermal 
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show the unprecedented impact nanotechnology has 
had specifically in health, and what the future holds for 
BioMechatronics. For such researchers who remember 
when nanotechnology was just being defined, or when 
pundits claimed that nanotechnology is just hype and will 
never amount to anything useful, this webinar represents 
a key milestone to stop for a moment and appreciate the 
countless researchers from around the world who have 
turned this simple idea of assembling materials one atom 
at a time into advances helping to cure cancer, eliminate 
infection, and improve tissue growth. It is no wonder why 
Richard Feyman claimed over 60 years ago: “There is 
plenty of room at the bottom”, which still holds true today. 
A field that has proven its worth with a future just as bright.

A crucial difference to biomechatronics is that living 
systems themselves are also considered biomechatronic 
systems and that biology cannot be limited to improving 
already existing mechatronic products as described in the 
definition above.

The role of BioMechatronics is inclusive and especially the 
focus includes regulatory, sensing, actuating, mechanics 
and electronics expand the classical nanotechnology into 
a more comprehensive systems approach.

Summary
This inagural webinar and topics highlighted above 
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