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Bones are vital and strong, but not invincible—they can be broken.

Normally, bones can repair themselves. However, sometimes broken

bones must be supported using what is called an implant. An implant

is a man-made device used to replace or support a missing part of

the human body. In the case of a bone, an implant aims at helping

the bone regain its natural function. However, inserting a foreign

object into the body has several possible complications. In particular,

bone-repair implants are often associated with di�cult-to-fight

bacterial infections.Many approaches andmaterials are being studied

to improve bone implants. Our team based our bone implants

on the bacteria-killing structures present on certain insects. Our

results provide evidence that these natural structures could help us

develop materials to improve bone repair, while helping to prevent

bacterial infections.
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HELPING THE BONE REPAIR ITSELF

Bone is an incredible tissue that changes dramatically throughout life.
It continually breaks itself down and produces new bone, in a way that
you cannot see or feel. Bones are primarily made of minerals, such
as calcium and phosphate, but the key players are several types of
cells that supply, organize, and shape theminerals. Bone-forming cells
called osteoblasts give bone its ability to repair itself after a bone is

OSTEOBLASTS

Bone-producing cells.

broken (read more about it in this Frontier for Young Minds article).
This repair process is called bone regeneration. Doctors put casts

BONE

REGENERATION

Natural process of
bone formation, which
is involved during
fracture healing.

on broken limbs to immobilize them, so that the bone can slowly
regenerate. However, in some situations, the defect (the hole created
in the bone by the break) is too large to allow the recovery of full
function. In this situation, doctors can use implants to fill the defect
and help the body to repair the bone. However, inserting a foreign
material into the body can lead to several complications.

THE CHALLENGE OF BACTERIAL INFECTIONS

Bacteria are the most abundant form of life and are present almost
everywhere on Earth. There are bacteria in the soil, water, air, and
even in and on our bodies. These tiny organisms are essential to
life on Earth and generally do not harm us. However, some types of
bacteria tend to grow in tissues where they should not—this is what
we call infection. In most cases, the body can defend itself against
infection and return to normal. But in some cases, if the bacteria
are aggressive or if the body is too weak to fight them e�ciently,
doctors must treat infections with drugs called antibiotics. If bacteria

ANTIBIOTICS

Medicines to treat
infections by
killing bacteria.

are present in the environment during implantation, they will multiply
rapidly on the surface of the implant. This is a real problem for doctors
because, although antibiotics are e�ective at killing bacteria, these
drugs struggle to control bacteria growing on bone implants. In these
cases, the implant oftenmust be removed, whichmeansmore risk and
pain for the patient.

In recent years, doctors and scientists have begun to realize that the
more antibiotics are used, the more bacteria can adapt and find ways
to survive in the presence of antibiotics (see this Frontiers for Young
Minds article). Today, antibiotics are still incredibly useful, but we must
start finding other ways to defend ourselves against bacteria.

GETTING INSPIRED BY NATURE

In our search for a strategy to protect ourselves from bacteria, one
approach is tomimicmethods that already exist in nature. Researchers
have observed such a feature on the wings of insects like the cicada.
Very small pillars, several times smaller than bacteria, are present
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on the entire surface of the cicada’s wings (Figure 1). These sharp
pillars can pierce and kill the bacteria that try to stick to the wings.
This is a natural solution to the threat of bacterial infection. It is
important to note that the size of these pillar structures is in the
nanometer (nm) range, thus they are called nanostructures. One

NANOSTRUCTURES

Small structures, at the
nanometer scale, on
top of a surface. A
nanometer is one
billionth of a meter. nanometer is one billionth of a meter. If you look at the size of a

millimeter on a ruler, try to imagine that, in that tiny space, you could
fit 1,000,000 nanometers.

Figure 1

Figure 1

Nanostructures from
an insect’s wings can
kill bacteria. Zooming
in on the wings of a
cicada using a powerful
microscope, we can
see that the surface is
not smooth—it has
many small pillars. On
the right you can see a
bacterium (orange)
trying to stick to the
surface. The pillars on
the surface of the
cicada wings pierce the
bacterium, leading to
its death. (Figure
adapted from [1] and
created with
BioRender.com).

Elena Ivanova is one of the researchers who saw great potential in
mimicking these small structures to develop materials with antibiotic
properties. For this purpose, she and her group created artificial pillars,
similar to those found in nature, on the surface of various materials.
They have developed two types of pillar-like structures that look like
spikes or sharp edges, and which are very e�ective at killing bacteria
(Figure 2).

This discovery was of great interest to us, because we believed we
could use these findings to develop a new generation of bone implants
with the ability to kill bacteria—without the need to use antibiotics [1].
We hope that implants with bacteria-killing nanostructures on them
will prevent infections and improve the quality of life of patients who
need implants to repair their bone defects.

TITANIUM—AGOODMATERIAL FOR BONE IMPLANTS

The first di�culty scientists face when developing implants for bone
repair is the biocompatibility of the material, which means that this

BIOCOMPATIBILITY

To be biocompatible,
that means compatible
with a living organism,
a material must not be
toxic to the host or
cause
immune reactions.

material must not be toxic to the host or cause immunological
rejection. Since the materials used to create implants are foreign to
the body, the body could consider the implant a threat and attempt to
reject it. Therefore, scientistsmust look formaterials that do not trigger
harmful processes in the body but that do remain stable in the body
over time. To accomplish this, the pillar-like nanostructures on cicada
wings were created on titanium surfaces. Titanium is a well-known
metal often used in medicine because it has mechanical properties
close to those of the bone, it remains stable over time, and the body is
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Figure 2

Figure 2

(A) If we use a
microscope to zoom in
on the surface of our
engineered titanium,
we can see the details
of the nanostructures
created by Ivanova’s
team. On the left, you
can see the smooth
surface of titanium, and
the two di�erent types
of nanostructured
titanium are on the
right. (B) Illustrations of
the same surfaces
shown in (A) (Figure
adapted from [2]). (C)
The engineered
titanium surfaces were
tested for their ability to
kill bacteria. When we
put bacteria on
titanium that had
nanostructures 1 or 2,
the bacteria died.

unlikely to react to it. Therefore, titanium appears to be a safe material
for medical implants that are in close contact with various body tissues
over a long period of time.

TESTING THEMATERIAL

When developing devices for medical purposes, it is mandatory to
put the devices through various types of testing. Testing can tell us
whether the device is toxic to the body and can give us a preliminary
idea of how e�ective the device might be. To get this information,
we must conduct what is called an in vitro study. This means that

IN VITRO

This term refers to
experiments that are
done in laboratory out
of a living organism.

we perform laboratory experiments using cells or microorganisms. By
studying the behavior of cells, we can get a partial picture of what
might happen in an organism. Humans have many types of cells, each
with their own jobs. We needed to test our devices using cells that
would tell us the most about bone regeneration, because that is what
we wanted our titanium implants to help with. One cell type is of great
interest for bone repair—mesenchymal stem cells (MSCs). MSCs are

MESENCHYMAL

STEM CELLS (MSCs)

Immature cells that can
become many di�erent
cell types, including fat
cells, bone cells, or
cartilage cells,
depending on signals
from the environment.

amazing in that they can develop into many di�erent types of cells
depending on their environment. When MSCs are present at the site
of a bone defect, they normally pick up signals from the environment
and become osteoblasts—the bone-forming cells. So, we used MSCs
in our experiments tomimicwhatwould occur on our titanium implant
once it was inside the body. We grew MSCs on our implants for
several days.
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WHAT DIDWE FIND?

Remember that the titanium we are studying kills bacteria thanks
to the nanostructures on its surface. Therefore, we wondered if our
nanostructures would also be harmful to human cells. Fortunately, this
was not the case! MSCs survived and grew normally on the surfaces
of our engineered titanium (Figure 3). What was even more surprising
was that the MSCs on our nanostructured titanium started to become
osteoblasts. A cocktail of molecules in the MSC environment usually
controls the transition from one cell type to another, but we did not
use any known molecule to trigger this switch in our experiments. We
deduced that the nanostructures were probably perceived as a signal
for the MSCs to become osteoblasts [3]. This could be another great
feature of our nanostructured titanium implants.

Figure 3

Figure 3

Our engineered
titanium surfaces have
two functions. First,
they can cause
bacterial death.
Secondly, they can
stimulate MSCs to
become osteoblasts
once the MSCs adhere
to the nanostructures.
This opens the
possibility of creating
new bone implants that
would help bone
reconstruction, while
limiting the bacterial
infections that are
common in this type of
surgery (Figure created
with BioRender.com).

CONCLUSION

Our nanostructured titanium has incredible potential. Without adding
antibiotics, the material itself can kill bacteria. Additionally, the
nanostructures can help the body to create new bone. So, by
mimicking structures that exist in nature, we developed a new type
of material that could be extremely useful in medicine. Thanks to
our preliminary exciting results, we are working to extend the study
to other cell types involved in bone regeneration. This will help us
to understand how nanostructures a�ect the behavior of those cells.
Ultimately, we hope to prevent bacterial infections on implants and to
create implants that are well-accepted by the human body. This would
be a major step toward safe, e�ective bone-repair surgery that would
improve the lives of many patients while simultaneously reducing the
need for antibiotics.
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Hi, I am Brazilian, and I am a 13 years old 8 grade student. I like science a lot and

as my father is a scientist he inspired me to do these reviews. I also love reading,

drawing and listening to music!
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ELLIOT, AGE: 12

Elliot loves almost all science, especially cell biology, engineering and robotics/coding.

He also loves playing soccer, playing cello and doing almost anything outside.

RONI, AGE: 12

Roni loves to read, write and play soccer. She also enjoys singing. She is very creative

and loves to design and construct all sorts of things.
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