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Urgent requirements of medical devices

Precision medicine has gradually become a development
strategy in many countries and attracted worldwide atten-
tion in recent years due to the increasing concerns in public
health. Although the definition of precisionmedicine has less
or more difference from the viewpoints of different fields,
the demands on the properties of medical devices or medical
materials involving biocompatibility and anti-thrombosis are
gradually growingmuchmore diverse andmuchmore urgent
than ever [1]. This trend brings up many new research topics
about materials, mechanical systems and sensors to develop
advanced medical devices. How to design and on-demand
fabricate the bio-materials, bio-interface and bio-systems to
meet the urgent demands of medical devices is still a chal-
lenge for us.

Importance of bionics in medical device

The medical device generally refers to the implantable [2],
interventional medical device, surgical devices and so on,
which interact with soft tissue directly or indirectly. All the
demands on the medical device should consider the require-
ments of life system, which consists of
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• Good physiological compatibility
• Desirable surface function such as anti-fogging or anti-
adhesion

• Sufficient strength for biomaterial
• Low soft tissue damage for surgery, etc.

Medical treatment is to recover the function of life sys-
tem or to recuperate the health from illness. To improve the
healing quality, it is very necessary to make clear the phys-
iological and functional mechanisms of tissue and organs.
Accordingly, the knowledge of these physiological mech-
anisms, hierarchical structures’ function and behavior of
whole living beings can give us inspirations to enhance the
medical devices, which is also the base of bionics. Bioin-
spired approaches have been applied in the medical devices
recently, such as bioinspiredmaterials, bioinspired functional
surfaces and bioinspired sensors [3–5]. Here, we just focus
attention on applications of bioinspired surface to explore the
importance of bionics in medical devices (Fig. 1).
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Fig. 1 Schematic of bio-inspired approaches for medical devices

Advances of biomimetic surfaces in medical
devices

How to choose the natural surface for bionics

Diverse surface functions have been found in various natural
species, which is indispensable to medical devices such as
anti-fouling, anti-adhesion and strongwet attachment. As the
principle for bionic object selection, the similarity of appli-
cation conditions and surface function’s demand should be
considered. Because the contact interface of medical devices
against soft tissue is generally wet, it is better to choose a nat-
ural surface possessing superior function in wet conditions.
For example, a new idea of anti-slipping surface can be got
from tree frog; the anti-adhesion mechanism of Nepenthes
alata’s peristome and lotus leaves can help us developing
anti-adhesion or anti-fouling surface.

Bioinspired anti-adhesion or slippery surface

Adhesion of soft tissue on the medical devices commonly
arises. Thrombosis forms as fibrin and platelets adhere to
the surface of the vascular stents in the blood; the soft
tissue adheres to the surface of electrical scalpel in the min-
imally invasive surgery (MIS). A slippery liquid-infused
surface, which is inspired by the Nepenthes pitcher plant,
was built instead of commonly used superhydrophobic coat-
ing [6]. Such slippery surface can prevent the adhesion to
the substrate by a formation of stable liquid layer as like the
Nepenthes pitcher plant prevents the attachments of insects
by using a thin layer of liquid to create a low friction surface,
which has been widely used in electrical scalpel and lens of
endoscope.

Bioinspired wet attachment surface

As well, strong wet attachment even without any external
load as like tree frog is another desired surface function to
achieve lowdamage of soft tissue [7].Unique liquid adjusting
behaviors were found on the toe pad of tree frog to form
strong liquid bridge by self-splitting and self-sucking effect.
Under the inspiration of tree frog and octopus, bioinspired
hierarchical structure with superior wet attachment has been
applied in heart patch, medical electrode and tissue grasper
of MIS. Not only strong wet attachment but also reduction
of the soft tissue damage can be achieved.

Bioinspired structure guided tissue/cell in vivo
growth or vitro culturing

Tissue/cell in vivo growth and in vitro culturing are remark-
ably important for implantable medical devices and drug
evaluation [8]. In order to achieve desired growth and repro-
duction, it is necessary to construct the culturing conditions
and the growing structure as close to living being as possi-
ble. Bioinspired surface was applied to the dental implants to
improve the implanting quality. Bioinspired gradient porous
structurewas built on the bone scaffolds to guide and improve
the tissue growth. Especially, for in vitro culturing devices,
the culturing environment should be ensured by mimicking
the actual living condition of soft tissue and cell.

Challenges and perspective

Bioinspired hierarchical surface structures are demonstrated
by tracking the biomimetic methods applied in the medi-
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cal devices. Through the applications in MIS, bioinspired
approaches have provided promising solutions for solving
the adhesion and slippery problems commonly appearing in
MIS medical devices. However, the applications of bioin-
spired approaches in the medical devices are still far from
our expectations due to lack of sound design theory and cost-
effective fabrication approaches for bioinspired functional
structure, surface and even systems. The barrier encountered
with bioinspired approaches for the current medical devices
is how to create artificial, biocompatible interfaces that can
guide or coordinate with the functions of biological cells,
mimicking the physical and chemical properties of biologi-
cal surfaces. Thus, the following challenges and issues should
be overcome.

• Comprehensive cognition of biological function mecha-
nism or behaviors

• Interaction mechanism between artificial hierarchical
structure and biological cells, soft tissue, etc., in biology

• Multi-function-oriented biocompatible structure or inter-
face design principle

• Cost-effective fabrication approaches for biocompatible
multiscale, multi-material structures

• In vivo life-cycle assessment

Bioinspired approaches can be widely used in biomaterial,
bio-interface, biosensor or even bio-printing process [9]. As
an interdisciplinary research, it is without doubt that any
development needs comprehensive cooperation from mate-
rials, chemistry, biotechnology, medical devices and clinics.
We hope this perspective will attract the attention of world-
wide scholars in related areas to develop bioinspired medical
devices for the welfare of mankind.
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