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Medical Materials

Thanks to modern medicine, people 
can expect to live longer, healthier 
lives than previous generations. This is 
wonderful, but increased life expectancy 
means that people may encounter more 
medical problems as they age, such as 
bone degradation. Bone can also be 
damaged due to trauma, disease, and 
birth defects, reducing the quality of life 
for millions of people worldwide. 

In some cases, replacing damaged 
joints with mechanical prostheses 
can allow people to live full lives. In 
other cases, certain substances can be 
implanted into the site of the damaged 
bone, providing structural support 
and encouraging the growth of natural 
bone tissue. These procedures require 
cutting-edge materials in order to be 
successful.

Scientists work hard to develop these 
materials, which must be completely 
non-toxic and not be rejected by the 
body’s immune system. Mechanically, 
they need to mimic the physical 
properties of natural bone and should 
be strong enough to support patients 
in their daily activities. In the case of 
total joint replacements, the constituent 
materials must be durable and 
biocompatible enough to last for the 
rest of the patient’s life.

Dr Susmita Bose and her team at 
Washington State University have 
been focusing their research efforts on 
developing and optimising bone-like 
materials to improve the quality of life 
for those with damaged bones and 
those who need joint replacements. 

‘Whether it’s due to longer life 
expectancy, sports injuries, or a 
desire for a more active lifestyle in 
today’s world, we will need more bone 
replacement materials. And whether 
it is hip and knee replacements or 
fracture care, we will need replacement 
materials with a longer lifetime,’ says 
Dr Bose. ‘In some cases, patient-
matched devices are necessary for 
patients with special anatomical needs 
or concerns related to specific defect 
size complexity. The role of 3D printing 
is becoming essential in those cases 
of patient-matched implants due to 
lower cost and shorter lead time to 
manufacture.’

Creating Bone-like Materials and 
Structures Using 3D Printing

One of the prevailing issues with 
creating suitable materials for bone 
repair and joint replacement is making 
sure that they can be successfully 
integrated into the body. If a material is 
rejected by the body’s immune system, 
it can lead to complications, ultimately 

leaving the patient in a worse position 
following the operation. 

Usually, prosthetic joints are made 
from metals, including titanium. 
Unfortunately, such implants often 
fail within 12 years, primarily because 
such metals are foreign to the human 
body. Additionally, because metal and 
bone have such different physical and 
chemical properties, implants cannot 
strongly bond to the surrounding 
tissues. 

To solve this problem, Dr Bose and her 
team have been developing materials 
that can mimic the natural structure of 
human bone. Their aim is to use these 
materials both as a coating for metal-
based implants, and as scaffolds that 
can be added to regions of damaged 

Dr Susmita Bose with her graduate 
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3D PRINTED BONE-LIKE 
MATERIALS FOR DELIVERING 
NATURAL MEDICINE
Some of the greatest advances in medical history have revolved 
around the creation of new materials that can replace damaged 
tissues in the body. Today, many researchers focus on creating 
materials that can replace damaged bone tissue, which often cannot 
heal naturally. Dr Susmita Bose and her team at Washington State 
University have been researching ways to engineer exciting new 
materials that mimic the structure of natural bone, allowing us to live 
happier, healthier, and longer lives.
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bone, to provide support and encourage the natural healing 
process. 

The team’s new materials not only needed to have the same 
porous structure of bone, but they also needed to promote the 
growth of new cells. To create them, the researchers used a 
cutting approach: 3D printing technology. This process, which 
has become increasingly popular over the last decade, allows 
the user to produce a solid 3D structure based on a digital 
design. By adapting a 3D printer, the team was able to produce 
materials with a porous structure very similar to that of bone. 
In addition, the technique would enable a clinician to fabricate 
an implant with the exact shape and size needed to fit within a 
specific area of damaged bone. 

‘You can use a bone-like ceramic powder as a feed material, 
and it can make whatever you draw on the computer,’ says 
Dr Bose. The feed material they used was based on calcium 
phosphate – a substance that partially mimics the properties 
of bone. When tested, the team’s 3D-printed scaffold materials 
showed far better cell adhesion than state-of-the-art bone-
repair materials, and also promoted the growth of new bone 
cells.

Delivering Therapeutic Compounds Through Bone Implants

Osteoporosis is a condition that affects millions of people 
worldwide and can cause significant issues related to bone 
fragility, which can lead to a higher likelihood of fractures, 
among other painful complications. Globally, more than 8.9 
million fractures occur every year due to osteoporosis. There 
are several known causes of osteoporosis, the most common 
being deficiencies of vitamin D and calcium.

It is well established that vitamin D, specifically vitamin D3, can 
promote bone health and encourage repair. However, it is not 
fully understood how the vitamin actually interacts with bone 

cells. Dr Bose and her colleagues wanted to close this gap in 
our knowledge, in order to better understand how this vitamin 
can benefit our bones, and help to combat conditions such as 
osteoporosis.

Furthermore, the team wanted to see how the calcium 
phosphate bone scaffolds that they had previously developed 
could be used to deliver vitamin D directly to damaged regions 
of bone. In theory, if a scaffold could be impregnated with 
vitamin D3 and implanted into the site of damaged bone, then 
it could release it gradually over time to promote bone healing, 
speeding up patient recovery.

Dr Bose and her colleagues began to investigate this idea 
by loading the vitamin into a polymer called PEG, which is 
commonly used for drug delivery. The team added this mixture 
to bone cells in dishes, in order to assess its potential effects 
on bone tissue. Through this experiment, the researchers 
found that the presence of vitamin D3 reduced the amount of 
breakdown observed in the bone cells. This suggests that the 
vitamin can help reduce bone mass loss and may be effective in 
helping to improve bone health, especially after an operation.

The team then loaded mixtures of vitamin D3 and polymers into 
samples of their artificial bone scaffolds, and monitored the 
release of the vitamin. From this, they gathered valuable data 
showing that the scaffolds gradually release vitamin D3 over 
time. They also found that the speed of its release is somewhat 
controlled by the type of polymer with which the vitamin is 
mixed before loading it into the scaffold. This was a significant 
breakthrough, demonstrating how the team’s bone-like 
scaffolds could represent tuneable and effective drug delivery 
systems, allowing for localised treatment of damaged bone.

Encouraging Bone Repair with Turmeric

In another recent study, Dr Bose and her colleagues 
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investigated the potential of curcumin 
– the main component found in the 
spice turmeric – as a treatment for 
encouraging bone repair following 
surgery. 

In many Asian countries, turmeric has 
been used as medicine for centuries, 
and recent research has indicated that 
curcumin has antioxidant, anti-cancer, 
anti-inflammatory, and bone-building 
properties. However, when consumed 
orally, curcumin is not absorbed very 
efficiently by the body, as it is not 
soluble in water. Therefore, to maximise 
its potential, an innovative method of 
drug delivery is required.

Just like in their vitamin D study, 
the team tested the ability of their 
calcium phosphate scaffolds to release 
curcumin. They did this by mixing the 
compound with various polymers, 
injecting the mixture into artificial bone 
scaffolds, and investigating the way in 
which it was released. Through this, the 
team was able to tune their polymer 
mixtures to give different rates of 
curcumin release.

This work could be particularly 
promising for patients with bone 
cancer. The team’s curcumin-loaded 
scaffold could potentially be applied 
to the area where a bone tumour was 
surgically removed. Not only would the 
scaffold and curcumin facilitate bone 
regeneration, but the anti-cancer effects 
of curcumin could also destroy any 
remaining tumour cells.

Optimising Curcumin Delivery

As mentioned, curcumin is not soluble 
in water, meaning that it is difficult for 
the body to absorb. Fortunately, there 
is a solution: curcumin likes to form 
bond with certain metal ions. Dr Bose 
decided to expand on her previous work 
by developing a complex containing 
curcumin bonded to zinc, which is far 
more water soluble than curcumin 
alone. This, combined with a bone 
scaffold impregnated with fluoride, 
made it even easier to deliver curcumin 
to the target location.

The combination of curcumin, zinc 
and fluoride not only allowed for 
more successful delivery, but also 
demonstrated some antibacterial 
properties. This could help to make 
future bone implants less prone to 
infection, greatly improving patient 
outcomes.

Expanding the Medical Spice Rack

Turmeric is not the only spice that has 
natural healing properties. In a more 
recent study, Dr Bose and her team 
created and tested artificial bone 
implants loaded with both gingerol, 
found in ginger, and allicin, found in 
garlic. 

In both cases, they found a significant 
improvement in the development 
of bone cells, particularly when the 
implants had been loaded with gingerol 
or a mixture of the two extracts. Even 
more interestingly, they found that while 
the two extracts both seemed to benefit 
bone development, they had slightly 
different mechanisms of action. 

Expanding on this research, the team 
tested allicin with other types of 
artificial bone implants, in order to 
collect more data on how it is released 
inside the body. While gathering this 
data, the team also analysed the 
effects of garlic as an antibacterial 
agent. These antibacterial properties 
represent an extra benefit associated 

with using allicin in bone implants. 
Just like curcumin, allicin may help to 
make bone implants infection-resistant, 
improving the chances of successful 
recovery.

Bringing Innovation to Patients

‘The addition of natural medicinal 
compounds with 3D-printed patient-
specific biomedical devices, especially 
with calcium phosphate-based 
ceramics, is unique and ground-
breaking,’ says Dr Bose. Indeed, 
her team has made substantial 
breakthroughs – not only in the world 
of material engineering but also in 
clinical chemistry and biology. Through 
their work, they have demonstrated the 
applications for these unique bone-like 
materials, how they can be successfully 
implanted into patients, and how they 
can be used to administer therapeutic 
compounds that can speed up the 
recovery process. 

‘We’re always pursuing the quest 
for innovation,’ Dr Bose concludes. 
‘Although I believe it is difficult to mimic 
Mother Nature, we’re striving to apply 
science and engineering to tackle 
health-related issues that will help us 
progress as a society. I’ll be happy if one 
day our research and innovation has 
been delivered to the patient’s bedside 
and advances human health. There 
would be no bigger satisfaction than 
that.’

Dr Bose with her collaborators Professor Amit Bandyopadhyay and graduate student 
Priya Kushram.
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