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Fracture toughness of an industrially supplied cancellous
bone simulant

Muhammad Asfand Sohail, Peter Zioupos

Biomedical Engineering, School of Engineering, University of Hull, Kingston Upon Hull, UK.

Introduction

The human cancellous bone has a hierarchical
structure that gives it its unique mechanical
properties. The study of the mechanical integrity of
bone is crucial in diagnosing and treating condition
of bone loss such as osteoporosis. Fracture
toughness of human cancellous bone is an
important parameter when predicting bone strength,
Over the last decade researchers (Cook, 2009) have
applied the fracture mechanics calculations on
human bone. This study provides us with fracture
toughness and  compressive  strength  of
commercially available SAWBONES cancellous
bone simulants. These blocks have wide range of
applications in orthopaedic industry such as bone
disease research and bone surgery practice. Thus,
understanding their mechanical properties may
enable us in development of better bone simulants.

Methods

A total of 14 Sawbones cancellous bone blocks
having open cell, cellular and solid structures were
acquired for this study. The densities of the blocks
ranged from 0.07-0.81g/cc. The micro-CT scans
were conducted using X-tech HMKZ160.
Morphometric analysis was carried out suing VG
Studio Max 2.1 software. Using ASTM standard
E399-90 the blocks were cut into disk shaped
compact specimen DC(T). FT and compression
tests were carried out using mechanical tester Easy
Test EZ-50.

Results & Discussion

The morphometric analysis of the samples showed
that the BV/TV was the strongest predictor of
strength which proves that with increase in bone
quantity the mechanical strength increases. ThS
showed an inverse relationship with bone strength.
The fracture toughness results showed a significant
increase with an increase in the bone density. The
compressive strength of the samples also showed a
positive relationship with bone density. Overall, in
comparison to human cancellous bone the
compressive strength of the Sawbones bone
simulants was found to be lower.

Figure 1 Compressive strength of Sawbones simulants in
relation to apparent density

Conclusions

This study provides valuable insights into the
fracture toughness and compressive strength of
commercially available cancellous bone simulants,
specifically Sawbones. By investigating their
microarchitecture and correlating morphometric
parameters with mechanical properties, it was
found that material strength is closely tied to factors
such as bone volume fraction (BV/TV) and
apparent density, while trabecular separation
(TbSp) is associated with weaker properties. These
differences, driven largely by variations in
microarchitecture and manufacturing techniques,
highlight the importance of further refining bone
simulants. This research has the potential to guide
the development of advanced bone mimetics, which
could play a crucial role in orthopaedic training and
research, particularly given the challenges of
sourcing large samples of biological bone.
Ultimately, this work could contribute to enhancing
the realism and applicability of bone simulants in
both clinical and research settings.

References

Cook, R.B. and Zioupos, P., 2009. The fracture
toughness of cancellous bone. Journal of
biomechanics, 42(13), pp.2054-2060.

*-Corresponding author. Email: asfand.sohail5@gmail.com



mailto:asfand.sohail5@gmail.com

Endorsed by

ES European Society
of Biomechanics

The European Society of Biomechanics (ESB) was founded at a meeting of 20 scientists from 11 countries in Brussels on May 21, 1976.
Biomechanics is defined as “The study of forces acting on and generated within a body and of the effects of these forces on the tissues, fluids or
materials used for diagnosis, treatment or research purposes”. The primary goal of the ESB is "To encourage, foster, promote and develop
research, progress and information concerning the science of Biomechanics”.

https://esbiomech.or

Sponsored by

i
CELLBOND

Oasys

LS-DYNA ENVIRONMENT

J\ ALTAIR

JSOL

Cellbond specialises in the design, development, and manufacture of passive safety testing
products and equipment. This includes the full range of deformable aluminium crash test
barriers, energy absorbers, crash test dummies, impactors, and test equipment.
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EuroNCAP, ITHS, NHTSA and ARAI, plus test facilities and proving grounds such as Horiba-Mira
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dedicated to sustainable development. We have been working with the developers of LS-DYNA,
for over thirty years, using the software for our own consulting work as well as distributing to
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Altair is a global leader in computational intelligence that provides software and cloud solutions
in simulation, high-performance computing (HPC), data analytics, and AI. Altair enables
organizations across all industries to compete more effectively and drive smarter decisions in
an increasingly connected world - all while creating a greener, more sustainable future. To
learn more, please visit

www.altair.com

Since 2022, Altair Radioss - an industry-proven finite element analysis (FEA) dynamic
simulation code - is available as open-source technology under the name OpenRadioss. To
learn more visit

www.openradioss.org

JSOL supports industries with state-of-the-art simulation technology. Industries are facing
intensified market competition, grappling with challenges that range from cost and quality to
safety, environmental concerns, and reduced time-to-market. Recently, societal focus has
shifted toward the policies and ethics of product development within companies, emphasizing
not only product performance but also designs that prioritize safety and environmental
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