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Abstract
The acquisition of bone models to perform simulations is a complex and expensive process. The hierarchical structure of
bones is very complex, so that studies are mainly focused on the larger scales of bones. The objective of this work is to
perform a fracture simulation at the microscale level. For this purpose, the first part of the process focuses on segmenting a
bone model and selecting an area of it to generate a representation of the microstructures that make up the bone tissue from a
microscopic point of view. The second part is dedicated to carry out a fracture simulation in the microscopic bone model. The
developed algorithm follows a statistical approach and solves the main problems of the traditional approach (FEM) to perform
a bone fracture simulation. The method returns the path that a fracture follows and demonstrates how bone structures affect
fracture growth. The parameters used are configurable and can be adapted for specific cases. In addition, users can reproduce
as many clinical cases as desired within seconds without have to manually segment images obtained from a microscope. The
data obtained may be exported to obtain synthetic images that could be used to generate datasets for machine learning tasks
or other purposes.
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1 Introduction

Computer graphics applied to medicine is a field of research
withmanyopen lines and continues to rise due to the advance-
ment of new technologies. These advances have allowed, in
the field of traumatology and bone fractures, the creation
of computer assisted techniques that allow the reduction of
intervention time andminimise the risk of error of specialists
through the study of fractures.

The study of bone fractures is a challenging field due to
the complexity of the hierarchical structure of bones. It is not
possible tomonitor a fracture in real time.Moreover, the issue
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of obtaining bone models for simulations means that most
work focuses on bone at macroscopic level without taking
into consideration the smaller scale levels. However, several
studies of bone structures from a microscopic point of view
suggest that they have a direct impact on all the phenomena
that occur in bone [1–5].

The aim of this work is to propose a statistical approach
for fracturing bone models from a microscopic point of view
starting from a model at macroscale. The previous literature
has focused on the study of the cross section and the use of
2D sketches to represent cortical tissue without longitudi-
nal axis information. Therefore, to validate the results, our
simulations have also been performed on the cross section
of the bones using a 2D representation of the cortical bone.
For this purpose, the process initiates with a 3D bone model
and the selection of an area of the bone. In this selected area,
a representation of the cortical region is generated to facil-
itate the simulation of the fracture. This step allows us to
reproduce the clinical conditions of different patients. The
approach for fracturing followed is similar to the one taken
by other authors on the propagation of light on biological
tissue proposed by Kumar et al. [6].
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